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SOME RESULTS OF THE WORK OF METROLOGICAL 
INSTITUTES IN 1960 


L. M. Zaks 


Translated from Izmeritel'naya Tekhnika, No. 4, 
pp. 1-4, April, 1961 


The high level of measurement techniques is one of the most important conditions for the development of mod- 
ern science and for technological progress in all branches of the USSR national economy. The more rapid this develop- 
ment, the more exacting become the requirements which measurement equipment must attain with respect to accur- 


and sensitivity of measurements, the extension of its range to extremely large and small values, and precision measure - 
ments of rapidly changing processes. 


The considerable successes of our sciences and technology in recent years have sharply raised the requirements 
which measurement equipment has to meet. Especially exacting requirements for raising the accuracy and extending 
the range of measurements arise in the rapidly developing new technologies, such as radioelectronics, atomic energy, 


rocketry, cosmic navigation, computers, as well as the entire sphere of automatic monitoring and control of industri - 
al and other processes. 


In many instances accuracy requirements for commercial measurements attain those of reference measurements. 
Under modern conditions metrology should in fact embrace all the precision measurement techniques in the country, 
since the peculiarities and methods of reference measurements are being increasingly extended to practical precision 
measurements in scientific research, industry and agriculture. 


The rapid development of metrology and precision measurement technique in advance of requirements is nec- 
essary both for the immediate development of all branches of scientific research and in order to satisfy the practical 
requirements of various industries, such as precision engineering, precision control of the most varied special produc- 
tion processes, as well as for the calibration, testing and checking of all the measuring equipment in our country. 
The possibility of developing and organizing the production of any measuring equipment by the existence of appro- 
priate methods and high-precision reference instruments for calibration and testing. 


Therefore, the development of metrology and precision-measurement techniques and new measuring methods 
which provide the required accuracy over wide measuring ranges, and production of high-precision measuring equip- 
ment are the most important and decisive conditions for the development of the measurement techniques and of instru - 


ment-making as a whole, a prerequisite for the development of scientific research and the acceleration of technical 
progress in our country. 


The activity of the metrological institutes of the Committee of Standards, Measures and Measuring Instruments 
was aimed in 1960 at fulfilling the tasks set by the June (1959) and July (1960) Plenary Sessions of the CPSU (Comm- 
unist Party of the Soviet Union) Central Committee on the acceleration of technical progress in the USSR. 


The main trends in the activity of the institutes consisted of: 


1. Scientific research and experimental design work for improving and establishing new standards, reference 
methods and equipment in all branches of measurements. The development of new precision-measuring methods, of 
reference equipment and methods for calibrating, checking and testing instruments, of methods for testing the most 
important physical and chemical properties of materials. Work in determining certain important physical constants. 
Attending to the state time and frequency service. Investigating the methods and evaluating measurement errors and 
deriving tolerances for measuring instruments. Compiling specifications, such as metrological standards, instructions 
and operating directions for checking instruments. Participating in the work of international metrological and stan- 
dardization organizations. Preparing information material such as collections of works, monographs and reviews in 
various spheres of metrology and precision-measurement techniques. 


2. Organizing and carrying out state ang of newly developed measures and measuring instruments which 
are being put into mass production. 


3. Organization of state inspection by the Committee's agencies in their respective regions of instrument pro- 
duction, the state and application of measurement equipment in industry, agriculture, trade and transport. Controlling 
and rendering assistance in organizing service inspection of the measurement equipment in plates, rendering assistance 
and guiding the work of State Inspection Laboratories of other regions assigned to the Committee's institutes. 


The most important results of the work so far completed in the sphere of linear and angular measurements include, 
in the first place, the change-over to the new definition of the meter by means of the krypton-86 orange line adopted 
bythe 11th General Conference on Weights and Measures in October, 1960. In addition to producing a new design 
for the krypton lamp the VNIIM (All-Union Scientific Research Institute of Metrology) has achieved important results 
in establishing secondary standards, by obtaining narrow spectral lines by means of partial absorption. Cadmium iso- 
topes have been determined between which it is possible to obtain an “atomic” slot for the cadmium triple line; a 
method has been found for narrowing the mercury green line by means of a thermal iodine filter. The universal inter- 
ference comparator has been improved with the object of direct measurements of linear standards in monochromatic 
light. The development of a technique and means for measuring the linearity of large objects up to 50 m long is of 


great practical importance. Measurements made on lengths up to 30m long have shown that the quadratic mean error 
_ does not exceed 5 p/m. 


Tests of the radiointerferometer in the millimeter range developed by the KhGIMP (Khar'kov State Institute 
of Measures and Measuring Instruments) have shown that the measurements of the propagation of electromagnetic 
waves by means of this instrument can be made with an error not exceeding a few units of the seventh order. Further 
work in this connection is planned for 1961. The same institute has developed a pneumatic method for checking block 
gauges, which greatly increases labor productivity in testing. 


The VNIIK (All-Union Scientific Research Institute of the Committee of Standards, Measures and Measuring 
Instruments) has developed a horizontal interferometer angle-measuring set for certifying polyhedral grade I prisms 
in the range of 10 to 100° with an error not exceeding 0.2-0.7", and an autocolimation set based on goniometer GS-5 
with an error of 1". An equipment for measuring the radii of concave reference glass spheres in the range of 87.5- 
1000 mm with an error of 0.01% of the measured radius should also be mentioned. 


In the sphere of mechanical measurements mention should be made of the compact reference weighted - piston 
grade 1 manometer developed by the VNIIK, measuring up to 2.5 kg-wt/ cm’ with an error not exceeding 0.02%, 
This instrument will be widely applied in substitution for mercury manometers and the cumbersome and less accurate 
weighted -piston manometers previously developed by the VNIIK. 


Great importance should be attached to the research carried out by the VNIIFTRI (All-Union Research Institute 
for Physicotechnical and Radiotechnical Measurements) on methods for raising the upper limit of reference instru - 
ments for measuring ultrahigh pressures exceeding 25 ,000kg-wt/cm’, and also to its work in measuring physical prop- 
erties of matter (viscosity, density) at pressures up to 10,000 kg- -we/em?, 


For accurate measurements of very small pressures the VNIIM has produced a reference micromanometer 
measuring from 0.2 to 10 kg- -wt/m’, with an error of 0.01 kg-wt/ m’. 


Special attention should be paid to the successful work being carried out by the VNIIM in precision measure- 
ments of velocities, accelerations and vibrations. In 1960,the VNIIM produced and certified experimental models of 
the previously developed tachometer equipment measuring up to 60,000 rpm with an error of 0.01%, and is at present 
working on the extension of this range up to 150,000rpm. An equipment for producing and measuring pulse accelera- 
tions of 1 to 10 g has been developed, produced and tested. A reference vibrometric equipment has been produced 
for frequencies up to 2000 cps and accelerations up to 150 g. This work has prepared a good metrological foundation 
for certifying the measuring equipment used in testing mechanical reliability. 


The Sverdlovsk branch of the VNIIM has produced experimental models of portable reference dynamometers 
for measuring moments (momentometers) from 100 to 2000 kg-wt-cm with an error not exceeding 0.5%, thus making 
it possible to check torsion testing machines. 


It is interesting to note the work conducted by the VNIIM in producing an automatic equipment with two cali- 
brated tanks for continuous measuring of gas, and by the KhGIMIP in making a reference flowmeter based on the use 
of the Coriolis force for an efficient testing of watermeters with an error not exceeding 0.5-0.7%, 


In 1960 work on temperature and heat measurements, was further developed in the Committee's institutes. Im- 
portant calibrations of the gas thermometer were made at the VNIIM, which led to the determination of an additional 
reference point, that of the solidification point of cadmium (321.03°C). The accuracy in measuring the triple point 
of water has been raised by almost one order (up to #0.0002°C). Considerable work was carried out in developing 

the theory, technique and apparatus for measuring rapidly changing temperatures and for determining the error of 
measurement of the equipment used for the purpose. The development was completed of a new productive differen - 
tial equipment for checking highly accurate radiation pyrometers, and of an oven checking precious-metal thermo- 
couples up to 1800°C. 


The Sverdlovsk branch of the VNIIM developed the technique and equipment for determining the characteris- 
tics of thermal electrode materials at temperatures up to 2000°C. 


The KhGIMIP designed a compact reference “blackbody” radiator with a range up to 3000°C which consumes 
small power and can be used for checking pyrometers, and it continued its work on producing reference sources for 
higher brightness temperatures, and its research on a radiopyrometer. The VNIIM and KhGIMIP continued their in- 
vestigation of methods for measuring ultrahigh temperatures, The VNIIM investigation of new absolute methods for 
measuring low temperatures, namely of the electroacoustical and thermal noise methods, were further developed. 


The VNIIFTRI continued its work in establishing a temperature scale between 4 and 10°K, and completed the 
design of a reference dilatometer of a simple construction with a measurement error amounting to 1/107’, i. e., of 
the order of the interferometer method. On this basis work is continuing in producing models for certifying dilato- 
meters. 


For determining the thermal characteristics of materials the VNIIM has developed an equipment for measuring 
the thermal conductivity of semiconductors, and the thermal and temperature conductivity of plastics over wide ranges 
of low and high temperatures. The Sverdlovsk branch of the VNIIM has developed an equipment for high-precision 
calorimetric measurements up to 1500°C. 


In the sphere of optical and photometric measurements the VNIIM has improved the light standard which has 
a dispersion not exceeding 0.5%, It has also developed a new apparatus for checking dioptric meters for lenses of a 
complex shape (for ophthalmic optics). The institute also produced a comparator equipment for color measurements 
with an objective readout which makes it possible to differentiate between samples with small color differences, and 
produced a series of reference luminescent light-intensity measuring lamps, which produce luminous fluxes of 600 to 
2500 lu of different colors. The VNIIK has also developed and produced a set of reference prisms for checking refrac- 
tometers with refractive indexes of 1.3 to 1.8 and an error of 5-107. 


The metrological work of the VNIIM and its Sverdlovsk branch was carried on successfully in 1960 in the sphere 
of physicochemical measurements. Test sets for checking pH-meters and gas analyzers was developed, an equipment 
for obtaining reference gas mixtures was produced. A technique and apparatus was developed for checking commer- 
cial gas analyzers of nitrogen oxide, sulphur oxide, oxygen and other gases, Methods for certifying reference buffer 
solutions were devised and the solutions prepared, whose pH values were established with an error of 0.01. Isotope 
methods for analyzing certain substances were developed. 


In the sphere of electrical and magnetic measurements the VNIIM carried out fundamental research in deter- 
mining the gyromagnetic ratio for protons, obtaining for it the value of 26,750.5 oe/sec with a quadratic mean error 
of 20.05. Portable grade 2 standard dry cells were developed for portable measuring equipment, A large amount of 
work was completed on developing precision measuring methods of electrical circuit parameters over a wide frequen- 
cy range. Among other things, the Institute produced a set of reference capacitances which consists of coaxial and cy- 
lindrical three-terminal capacitors with values up to 400uyf for frequencies up to 100 Mc. The Sverdlovsk branch 
of the VNIIM developed a technique and produced equipment for determining the pulsed magnetization curve of 
magnetic materials for pulse durations of 0.1 to 20 u sec, and a repetition frequency of 50 to 5000 cps, with an error 
of 5-7%, The NGIMP (Novosibirsk State Institute of Measures and Measuring Instruments) developed an apparatus 
for dc testing of small samples (mean radius of 0.5 mm) of magnetically soft materials. It also developed a set of 
high-frequency permeameters for determining the magnetic characteristics of carbonyl iron. 


The most important work in the sphere of radiotechnical measurements during 1960 was carried out in connec- 
tion with completing the development of a standardized set of reference instruments for the radiometric test and in- 
spection laboratories organized by the Committee's institutes in 1961. This standardized set developed in coopera- 
tion between ali the institutes on the basis of the scientific research and’ experimental design work carried out both 


by the Committee's agencies and by industrial institutes, comprises reference instruments required for high-precision 
measurements of voltages, currents, powers, attenuations, reflection factors, noise and pulse characteristics for all the 
frequencies used in practice in high and ultrahigh ranges. This equipment can also be used for checking the corres- 
ponding radio-measuring instruments. 


Provisions were made for the newly organized test and inspection laboratories of the Institutes to serve as centers 
for state and routine testing of the newly developed and produced radio-measuring instruments, and to certify reference 
equipment used in industrial service laboratories as standards for checking commercial instruments. 


In 1960 work was carried out for the improvement of the time and frequency service carried of the Committee's 
Institutes. A round-the-clock transmission of standard frequencies and the time signals from two Moscow radio stations 
has been organized. These transmissions are based on standard crystal and molecular oscillators with a daily instabi- 
lity not exceeding 1-10°°. The time and frequency service is being supplied with new atomic frequency standards 
which, in conjunction with improved crystal resonators will provide a further improvement in accuracy. 


In the sphere of ionizing radiation measurements the VNIIM modernized a number of installations for dosimetric 
and x-ray measurements, developed a reference dosage meter measuring 100pr/sectoi1r/sec in quanta energy range 
of 20 to 1000 kev, and developed the technique and equipment for measuring external radiations of distributed alpha 
and beta sources. The work of test and inspection laboratories for ionizing radiations is being organized at the VNIIM 
and NGIMP. 


In 1960, considerable efforts were exerted to make the model gauges ind instruments developed by the institutes 
generally available, by producing experimetal batches at the "Etalon” plant attached to the VNIIM, by making them 
at the VNIIFTRI and the experimental production workshops of other institutes, as well as by starting their mass pro- 
duction at the Sovnarkhoz plants. 


The production of a number of installations, gauges and instruments developed by the institutes was started in 
1960, including a reference tachometric equipment measuring up to 60,000rpm with an error of 0.01%, a reference 
thermistor UHF power meter, reference equipment for measuring low temperatures, equipment for checking optical 
and radiation pyrometers, a 100-ton weight-checking railroad car, a reference installation for checking large induct- 
ances and capacitances, several portable test sets, etc. 


However, the ever-increasing requirements of scientific research establishments, of plants and state inspection 
laboratories for reference equipment used in precision measurements and in checking commercial instruments, consid - 
erably exceed the very limited production capacity of the institutes’ experimental workshops, which are mainly en- 
gaged in experimental work on newly developed apparatus. We should insist on a radical change in the attitude of 
the planning authorities and Sovnarkhozes to the production of reference equipment at the instrument-making plants, 
in view of the fact that the availability of this equipment is a most important condition for ensuring high-quality pro- 
duction of all instruments and for maintaining their efficiency under working conditions, not to mention the require - 
ments of scientific institutions in precision measuring equipment for their research work. 


In addition to their scientific research the institutes also extended their work in carrying out state tests of the 
new instruments being developed by our industry. On the basis of the new regulation 2-59 of the Committee, intro- 
duced at the beginning of 1960, state tests of gauges and measuring instruments were carried out by the institutes with 
the wide participation of interested organizations, including various state committees, ministries, industrial research 
organizations, plants and state inspection laboratories. Some 400 models of new gauges and measuring instruments 
were tested under such conditions. 


At the Committee's session on February 21-23, 1961, the directors reported on the work carried by their insti- 
tutes in 1960. The Committee noted certain achievements in the work of the institutes, and at the same time severly 
criticized a number of failings in their work. Among other things, it noted the necessity for reducing the time taken 
by some of the research work, for an intensified supervision that the new equipment is adopted in industry. It also 
noted the lagging of the VNIIM mass and force measuring laboratories, the necessity to intensify the work in the sphere 
of physicochemical analysis and ionizing radiation measurements. It proposed the acceleration of the compiling of 
specifications and operating instructions for checking various new types of instruments, and speeding up the issuing of 
handbooks on precision-measurement techniques. The Committee noted the necessity for a further improvement in 
the system of state testing of guages and measuring instruments with a wider participation of the interested administra- 
tions, Sovnarkhozes and area industrial organizations in preparing and carrying out these tests, and for a further raising 
of the part played by the state inspection laboratories in this testing, and a stricter supervision of instruments both in 
general and specialized use. 


The Committee outlined as the main tasks of the institutes an accelerated development of metrology and the 
technology of precision measurements in order to satisfy the most urgent requirements of science and of the most 
important branches of our national economy, as well as the stimulation of technical progress in instrument- making. 
The pledges made by the institutes to the forthcoming 22nd Congress of the CPSU duly reflect these tasks, 


1e 
ers 
nce 
e's 
ions 
i- 
tric 
ige 
1a 
11M 
tes 
m 
sid- 
ts, 
- 
> 
vith 
sh 
ti - 
erly 
en 
yhere 
of 
of 
n 
stra- 
sing 
in 


LINEAR MEASUREMENTS 


GOMZ (STATE OPTICO-MECHANICAL PLANT) INSTRUMENTS 
FOR LINEAR AND ANGLE MEASUREMENTS® 


N. F. Delyunov and E. I. Rozenberg 


Translated from Izmeritel’naya Tekhnika, No, 4, 
pp. 5-9 


The state optico-mechanical plant is one of the leading factories in the Soviet Union in producing precision 
instruments for linear and angle measurements. The factory mass produces over 30 such instruments with auxiliary 
devices and a large number of experimental and specially ordered instruments. 


Universal measuring microscopes. For more than 14 years the-plant has been manufacturing a universal meas- 
uring microscope type UIM-21 for measuring in rectangular and polar coordinates linear and angular dimensions of var- 
ious articles. This instrument is widely used both in industry and in research institutes. 


The UIM-21 instrument is supplied with a large number of attachments, which extend the sphere of its applica- 
tion and raise its universality. These devices include: a table ST-2 with high centers for measuring threads of var- 
ious articles with diameters between 90 and 250 mm; a round table ST-9 for measuring angles of various articles 
fixed in centers; attachment IZO-1 for internal linear measurements by a contact method; a double-image eyepiece 
head OGU -22 for measuring distances between hole centers up to 13 mm in diameter; knife bearings type OP -23 for 
measuring long and centerless articles; attachment PN-7 for projecting an amplified image of the article on a screen; 
an optical vertical distance gauge IZ V-21 for measuring the external third coordinate, height of article [1]; a profile 
head OGR-23 for measuring metric threads and radii of various arcs; exchangeable objectives MT-22, MT -23 and 
MT -24 with magnifications of 5, 1.5 and 1; engraving knives and other attachments. 


Fig. 1. Universal measur- 
ing microscope type UIM - 23. 


The design of the UIM-21 microscope has to a great extent become obsolete from the point of view of its oper- 
ational facilities and ease of handling. For this reason a new universal measuring microscope, trade mark UIM-23 


(Fig. 1) was developed. It is intended to replace instrument UIM-21. Mass production of UIM-23 should begin in 
1961. 


*From the papers read in 1960 at the Leningrad conference on optical methods for measuring lengths and angles and 
at the conference on measurement techniques of the Estonian Republican Council of scientific and technical socie- 


ties (Tallin). Several of the instruments described in the article are experimental and have not yet passed their state 
test. 
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Fig. 2, Universal measuring microscope type 
UIM -24, 


Fig. 3. Universal measuring microscope type 
UIM -25. 


Fig. 4.Electrical contact head GK-2 on a 
horizontal optimeter IKG. 


The sighting system of UIM-23 has been changed as compared with UIM-21. Instead of the main microscope 
an optical system is used which projects the image of the measured article onto a screen. When working with re- 
flected light the projector may be replaced by a binocular attachment. The two readout microscopes with eyepiece 
screw micrometers have been replaced by a projection readout system. The scales of the longitudinal and transverse 


readout systems are projected onto a single screen conveniently 
placed before the operator. The new design makes it possible for the 
operator to work in a convenient sitting position, and the instrument 

is mounted on a special support which forms part of its equipment. 


It is possible to use with the UIM-23 instrument all the attach- 
ments of the UIM-21 instrument, which are mounted on the micro- 
scope stage. A special device has also been developed for high-pre- 
cision measurements of internal diameters of 0.1 mm and larger. 


A universal measuring microscope UIM-24 (Fig. 2) for linear 
and angular measurements of heavy and large-size articles in rectan- 
gular and polar coordinates has been developed and produced for the 
first time in the USSR, The weight of measured articles may amount 
to 100 kg, and the maximum distance between their centers to 1000 
mm. The instrument has sighting and readout projection systems, as 
well as a visual sighting system. During measurements the image 
of the stationary measured object is observed on the sighting screen 
of the projector, or in the microscope field of vision, and the hair- 
lines of the sighting system are set by appropriate displacements of 
the measuring carriages (longitudinal and transverse). The longitu - 
dinal and transverse carriage displacements are read off the respec- 
tive scale images on the screen. The UIM-24 microscope can 
measure by means of projection (shadow) methods or by thé axial 
cross section method (using measuring probes). For ease of opera- 
tion with heavy articles the instrument has a special lifting device. 


In 1958-59, an experimental consignment of universal measuring 
microscopes types UIM-22 and UIM-25 (Fig. 3) was produced for the 
same types of measurements as those of the large instrument micro- 
scope BMI. In contrast to the latter, however, the UIM-22 and UIM- 
25 microscopes have projection-type optical readout systems and 
precision linear scales used for measurements, The measuring range 
has also been extended. The UIM-22 instrument uses an optical 
micrometer [2] as a readout system whereas instrument UIM-25 uses 
a special grid scale, which provides a rapid and convenient readout. 
The UIM-25 scale carries the longitudinal displacement readout 
system on the left and the transverse readout system on the right. 

The maximum readout error of the grid scale does not exceed 
#0.0015 mm. 


The UIM-25 instrument uses measuring table guides of an ori- 
ginal design. The measuring table of the instrument together with 
the measured article is displaced on four balls in two mutually per- 
pendicular directions. The metallic plates over which the balls roll 
are half the size of the table displacement. In its movement the 
table displaces accurate linear scales which determine the amount 
of its displacement. A similar construction is used in instrument 
UIM-24, where the measuring carriages are displaced on balls. 


Optimeters and comparators, Our plant is mass-producing ver- 


tical optimeters type IKV, horizontal type IKG, and special attachments to them, such as a PN-6 projector, a device 
IP-1 for measuring wire, and three-ribbed table IP-5 for the vertical optimeter, and projector PN -6, vertical centers 
PP -2, horizontal centers PP -3 and an internal thread-measuring device IP -4 for the horizontal optimeter. 
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TABLE 1 
Technical Universal Measuring Microscope 
Characteristics UIM-] UIM] UIM-]UIM{ UIM- 


21 23 24 22 25 


Measurement limits: 
in the longitudinal direction, 


mm 0-200 0-500 (0-100}0-150 

in the transverse direction, 

mm 0-100 |0-200} 0-100 
Angle measuring limits, deg 0-360 
Calibrations : 

of the linear scale, mm 1.0 

of the angle-measuring dial, 

deg 1.0 


Value of the smallest calibration 
of the readout system for 
measuring lengths, mm 0.001 | 0.01 
of the angle-measuring scale, 
min 1.0 

Instrument's error in measuring 


a glass linear scale (with correc- L L 
0.003 
tions from the instrument's scale 1700000 7 50000 ) 


certificate), mm where L is the measured length. 


Since 1960 electrical contact heads GK -2 (Fig. 4) are being produced as auxiliary equipment for the IKG 
optimeters and the IZM measuring machines for the purpose of measuring internal dimensions of 1 to 13.5 mm. The 
device consists of a table on which the measured article is placed and a head fixed to a special stand. The tip of the 
head is chosen according to the diameter to be measured. When an IKG optimeter is used diameters up to 2 mm are 
measured directly on the optimeter tube scale (with an appropriate tip), and diameters above 2 mm are measured 
with the help of block gauges which are lapped to the table try-squares. When the IZM machines are used the reading 
is taken off the scales. The error of measuring internal diameters amounts to 20.003 mm. 


TABLE 2 
Technical Characteristics Comparators, mm 
IKU -2 IZV-2 

Limits of linear measurements 0-500 0-250 
Limits of measured diameters : 

external 0-225 0-250 

internal 13.5-150 
Smallest division of the readout 
system 0.001 
Calibrations of the linear scale 1.0 
Linear scale measuring limits 0-100 
Error of the instrument in measuring L 
block gauges (with corrections from 0.016}, 
the instrument's scale certificate) pind 

where L is the measured length 


In 1959, a new model of a universal comparator (horizontal displacement gauge) type IKU-2 was developed. 
The instrument provides measurements of internal and external linear dimensions of various articles, combining the 
properties of a horizontal comparator and a vertical optimeter. The IKU-2 comparator consists of a base, tail and 
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measuring heads, and a stage. The measuring head has a projection type scale. The field of vision of the projection 


screen is shown on Fig. 5. In comparative measurements the readings are taken off the “micron” scale, whose image 
is shown in the lower part of Fig. 5. In direct measurements hundredths and thousandths of a millimeter are read off 
the “micron” scale, millimeters are read on the linear scale and tenths on the bisected scale. The images of the 
linear and bisected scales are shown in the upper part of Fig. 5. All the additional special devices produced for the 
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Fig. 5. Image of the field of vision 

on the screen of a IKU -2 comparator 
readout system; a reading of 4.5723 
mm. 


Fig. 7. Superposition spherometer 
IZS-9, 


IKG optimeter can be used with the IKU-2 comparator. Mass production of 
the IKU-2 comparator will commence in the second half of 1961. 


For many years our plant has been producing a vertical optical height 
gauge IZV-1 intended for contact measurements of external linear dimensions. 
It is being replaced by a newly developed model of a vertical optical height 
gauge IZV-2. The new instrument was put into mass production at the end 
of 1960 and the production of IZV-1 has been discontinued. The new instru - 
ment has the following advantages as compared with the previous one: exis- 
tence of a centering microscope which makes it possible to set the measuring 
tip to a given point of the measured article, and the absence of a cumbersome 
oil damper. The IZV-2 gauge can be used as a measuring head with the UIM- 
21 microscope. 

The IZV-1 and IZ V-2 gauges are supplied with additional tables type 
ST-5, ST-6, ST-7 and ST-8, intended for measuring thin sheet components, 
small details with grooves and protrusions, and medium size diameter threads 
by means of calibrated rods. 


Cathetometers. Our plant pays considerable attention to the production 
of cathetometers intended for measuring vertical segments on objects which 
cannot be reached directly. At present the plant mass-produces a cathetometer 
type KM-6 which consists of a vertical stand, a tripod, a measuring carriage, 

a telescope and a measuring microscope. The telescope objective is supple- 
mented by one of the four attachments, thus providing the possibility of 
measuring articles placed at different distances from the instrument. Its read- 
Out system consists of a microscope with a grid scale (the grid scale is similar 
to that of the UIM-25 measuring microscope), by means of which readings are 
taken on a glass scale calibrated in 1 mm. 


Experimental models of cathetometers KM-8 and KM-9 (Fig. 6) have 
now been made, They have a considerably larger range than cathetometer 
KM-6, In contrast to the latter cathetometer, in which the sighting and read- 
out systems have separate eyepieces, and the ends of the air bubble in the 
level are observed through a magnifying glass, in the KM-8 cathetometer the 
sighting crosshairs of the telescope, the image of the air bubble, the milli- 
meter scale and the grid scale are projected into the field of vision of a sin- 
gle eyepiece, thus increasing considerably the productivity of the measuring 
process and making the instrument much easier to handle, 


The KM-9 instrument also has a single field of vision, but contrary to 
the KM-8 cathetometer, in which the eyepiece is displaced with the measuring 
carriage, the KM-9 eyepiece remains stationary. Mass production of the KM- 
8 cathetometer will start in 1961 and that of the KM-9 type in 1962, 


Other measuring instruments. The plant mass-produces machines type 
IZM-10M and IZM-11, intended for measuring internal and external linear 
dimensions of various articles, The external measuring range of the IZM- 
10M machine is 0 to 1000 mm, and of the IZM-11 machine is 0 to 2000 mm. 
The supports of this machine have been redesigned and its table made lighter. 
The newly designed supports provide the possibility of a transverse displace- 


ment of the measured article, and are convenient for checking large-size gauge blocks, On special order the plant 


makes measuring machines IZM-12 and IZM-13, which have a range of 0-4000 and 0-6000 mm respectively. 
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Various direct linear measurements can be made on the horizontal comparator IZA-2 which is mass produced 
by the plant. Among other things the instrument can be used for measuring distances between spectral lines on nega- 
tives of spectrograms, measuring various scales, grids, etc. The instrument covers a range of 0-200 mm, the helical 
micrometer of its microscope is calibrated in 0,001 mm. The error of the instrument in measuring a glass linear 
scale (with corrections from the instrument's scale certificate) amounts to 0,9-1.6 1, according to the length of the 
measured article. 


The plant mass-produces spherometer IZS-7 intended for measuring the 
radii of curvature of the main test lenses OPS (GOST 2786 -54) which are wide- 
ly used in the optical- mechanicalindustry. The instrument can also measure 
the tadii of various convex and concave spherical surfaces. 


In 1960, experimental models of the superposition spherometers type 
IZS-8 and IZS-9 (Fig. 7) were made. The instruments are intended for 
measuring the radii of curvature of convex and concave spherical surfaces in 
heavy articles, According to normal practice the radii of curvature are 
measured by means of the spherometer indirectly, since the spherometer mea- 
sures the rise in the spherical segment and the radius of curvature is then cal- 
culated from that rise and the diameter of the measuring circumference em- 
ployed. The IZS-8 spherometer measures the spherical rise directly on a linear 
millimeter scale attached to the measuring rod of the instrument. This scale 
is read off by means of a measuring microscope with an eyepiece screw micro- 
meter. Measurements of the IZS-9 spherometer are made by means of a differ- 
ential method, Its readout device consists of a dial indicator calibrated in mi- 
Fig. 8. Ultraoptimeter IKP-2, crons, The instruments are supplied with exchangeable measuring rings 100, 
150, 220, and 300 mm in diameter. The error in measuring the radii of spher- 
ica] surfaces depends on the size of the radius and the diameter of the measurement ring. It is intended to start mass 
production of these instruments in 1961. 


TABLE 3 


Cathetometers 
KM-8 | KM-9 


Technical characteristics 


Vertical measuring limits, mm 0-500 0-1000 
Distance of the measured article from the 
telescope objective, mm 140-150 470-670 
340 -380 610-1000 
500-625 890 -2000 

730-969 2000-# 


Calibrations of the telescope's cylindrical 
level (per 2 mm), sec 20 4 
Maximum error on the grid scale of the 
readout system, mm #0,0015 0.0015 
Error of the instrument in measuring a glass 
linear scale, mm: 
distance from the measured scale of 140- 


150 mm +0,006 
distance from the measured scale of 340- 
380 mm +0.010 
distance from the measured scale of 500- 
625 mm +0.014 
distance from the measured scale of 730- 
969 mm #0.021 

distance from the measured scale of 2000 +(0,03-0,04) 
mm and more (calculated 
values) 


TABLE 4 


Spherometers 
Range of radii of the basic test 
lens pairs, OPS, mm: 37.5-750 — 
Range of measured spherical sur- 
face radii, mm: 10-1000 | 80-0 
Smallest calibration of the read- 
out device, mm: 0,001 
Calibrations of the linear scale, 
mm: 1.0 
Error in measuring the radii of { 
test lens pairs, %: £0.02 _ 
Error in mesuring spherical sur- 
face radii, %: 
between 10 and 37.5 mm: +#0.07 
between 37.5 and 1000 mm: +0.04 a 
between 80 mm and ©: #(0,.02-0.06) 


At the end of 1960 an experimental model of a projection optimeter calibratedin 0.2 mm (utraoptimeter) type 
IKP-2 (Fig. 8) was made. The instrument is intended for contact measurements of external linear dimensions by a 
comparison method. Its maximum range is 200 mm. The measurements are read off a scale projected onto a screen, 
The scale covers a range of 0,025mm, The calculated maximum error of the instrument is # [0,04 + (L/2000)) n, 
where L is the number of scale divisions. Mass production of this instrument will begin in 1962, 


In recent years several instruments for special application have been made, such as the MIV-1 and MIV-2 ma- 
chines [3] for measuring the parameters of guide screws 2000 mm long, optical contactless micrometers type OBM-2 
[4] for measuring thickness up to 50 mm by a countless method, an instrument type PGVK for checking shaft screws, 
and a number of other precision measuring instruments, 
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NEW ANGLE-MEASURING TABLE WITH AN INDUCTION TRANSDUCER 


E. M. Goloul'nikov, M. I. Kochenov, A. Ya. Pelika, 


and V. S. Chaman 


Translated from Izmeritel'naya Tekhnika, No. 4, 
pp. 9-13, April, 1961 


The main drawback of instruments for measuring angles by means of calibrated dials is the almost complete 
impossibility of using them for automatic measuring of angles and angular displacements. In this connection several 
organizations are developing electrical methods of measuring angles by means of automatic and nonautomatic induc- 
tion angle measuring devices intended for various purposes. In order to investigate experimentally induction methods 
of measuring angles the Special Design Office (OKB) of the Moscow City Sovnarkhoz (Council of National Economy) 
designed and made an angle-measuring table whose principle of operation is shown in Fig. 1. 


Two toothed rings 4 and 5 are fixed to shaft 1, and two other rings 3 and 6 
with the same number of internal teeth as 4 and 5 are fixed to the casing 2, The 


Z la 7 la grooves of these rings carry similar coils 7, A gap is left between the crests of the 
pated, Yy shaft and casing teeth. The rings are placed in such a manner that when, during the 
| Z rotation of the shaft with respect to the casing, the crests of the teeth in ring 4 pass 
Li oposite those in ring 3, the crests of the teeth in ring 5 pass opposite the spacings in 


ring 6. At this instant the impedance Z will be at its maximum in the coil of ring 
3 and at its minimum in that of ring 6. The value of impedance Z is: 


where R is the resistance, and X is the reactance of the coil. 
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Fig. 1. 


When shaft 1 is rotated further, impedence Z increases in coil 6 and de- 
creases in coil 3. The values of R and X change simultaneously and in the same direction. It is possible by means 
of an ordinary differential circuit to determine the difference in the impedence of the two coils, for instance, by 
comparing the voltages across each of them. The difference of these voltages will change with respect to the angle 
of rotation of the shaft according to a sinusoidal law with a period of 2x/z where z is the number of teeth in the ring. 
It is obvious that the number of zero values in the difference of the two voltages in one revolution of the shaft will 
equal 2z, thus making it possible in theory to divide one revolution of the shaft into 2z angular parts. The current 
in the coils is produced simultaneously by all the teeth in the shaft and the casing. Since the total error of divisions 
in each ring is equal to zero, a very high uniformity of angular intervals between the adjacent zero values of the dif- 
ference in the voltages across the coils is obtained. 


The value of impedance Z of each coil of the angle-measuring device is determined mainly by the value of 
the magnetic circuit reluctance, which in turn is determined by such purely geometrical factors as the shape and mu- 
tual position of the teeth and spaces in the shaft and casing rings. Errors in the shape of teeth, inaccurate displace- 
ments of the shaft, deviations from a coaxial position of the rings, etc., cause errors in the position of the difference 
voltage zero values. Moreover, the error in the mutual position of adjacent “zeros” will be larger than that in the 
mutual position of odd and even “zeros,” 


Therefore, it is advisable to use induction angle-measuring for dividing the circumference into z and not 2z 
equal parts. 


The main sources of error in an induction angle-measuring table consist of: a) errors in the positioning of the 
teeth in the shaft and casing rings; b) deviation from the coaxial position of the shaft ring with respect to the casing 
ring; c) wobble of the shaft rings; d) variations in the supply parameters (mains voltage, its waveform and frequency); 
e) error in determining the position of zero points (errors in the null-indicator, in the readout, etc.). 


This article deals with the qualitative analysis of the degree to which various errors affect the accuracy of the 
induction angle-measuring device. 
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The degree of magnetic coupling between the shaft and casing rings will remain constant for a definite mutual 
position of the teeth over a complete revolution, providing there are no errors in the positioning of the teeth. These 
errors, which are inevitable in actual rings, usually have a sinusoidal nature,and therefore it is natural to assume 
that errors in the position of the difference voltage zero values will also have this characteristic. This assumption 
was confirmed by tests of the induction angle-measuring device. 


The deviation from coaxiality in the shaft and casing rings does not produce in the position of the difference 
voltage zero values, providing their is no error in the positioning of the teeth, When the above errors exist, however, 


the lack of coaxiality produces in the position of zero readings additional errors whose nature is similar to the errors 
due to the positioning of the teeth. 


The errors in zero readings due to the wobble of the shaft with respect to the casing are of a somewhat differ- 
ent nature. The wobble consists of regular displacements due to the geometrical axes of the shaft and casing not 
coinciding, and to irregular displacements due to free play in the shaft bearings. The shaft wobble in the radial direc- 
tion can be resolved into two components consisting of the displacement of the shaft tangentially and normally to the 
crests of the teeth. Only the first component can change the reluctance of the magnetic circuit, the second will not 


change the reluctance, and hence the induction of the coils, providing the wobble is small as compared with the gap 
between the teeth. 


Thus, the wobble also leads to errors in the angular position of the zero balance points; moreover, this error 
may have either a systematic or, which is more likely, a random characteristic, depending on the relation between 


the value of the wobble caused by the lack of coincidence in the axes and the wobble due to free play in the shaft 
bearings. 


The errors of an induction angle-measuring device due to the above causes may be reduced first of all by raising 
the accuracy in making and assembling the shaft and casing geared rings. The effect on the accuracy of the angle- 
measuring device of the errors due to the positioning of teeth, shaft wobble, lack of coaxiality in the shaft and casing, 
are reduced if the air gap between the shaft and casing teeth is increased. However, this reduces considerably the 


sensitivity of the device which cannot always be compensated by raising the sensitivity of the multiindicator elec- 
trical circuit. 


Irregular random errors are also provided by the electrical circuit for counting the zero balance point of the 
bridge and by the indicating instrument itself (microammeter). 


The systematic errors, contrary to the random ones, can be determined 
rth" experimentally over a complete revolution of the shaft and compensated in 
the bridge circuit of the device. The schematic of such a compensating 
device is shown in Fig. 2. Here 1 is the induction coil of the angle-mea- 
suring table 2, and 3 are the auxiliary induction differential transducers of 
compensator 4, whose measuring rod 5 rests against cam 6, which is fixed 
to the shaft of the angle-measuring device. The profile of the cam is © 
made in such a manner as to produce, by means of the measuring rod dis- 
ied placements, variations in the compensator inductance which would provide 

the required shift in the position of the bridge balance points. In compen- 
Fig. 2. sating errors of a sinusoidal nature the cam is made circular and mounted 
eccentrically on the shaft. 


One of the basic parameters of an induction angle-measuring device is its sensitivity, in our case the ratio of 
the output instrument pointer end displacement to the angular displacement of the shaft. 


The sensitivity of the device as a whole depends mainly on that of the induction transducer connected to the 
bridge circuit and on the null-indicator electrical circuit. In designing the instrument it is advantageous to provide 
a maximum sensitivity for the transducer, in our case for the induction angle-measuring device, and to have the 
gain in the second stage of the circuit consisting of the null-indicator as low as possible. 


The sensitivity of the measuring device based on a bridge depends in the first instance on the voltage feeding 
the bridge. However, it is normally impossible to raise this voltage above 15-20 v, owing to the saturation of the 
magnetic circuit and overheating of the windings. 
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The constructional elements of the transducer which determine its sensitivity consist in the first place of the 
size of the air gap between the shaft and casing teeth, the number of teeth and their shape. The sensitivity is low- 


ered by increasing the air gap or the number of teeth, but it can be raised to the required level by means of an am- 
plifier. 


The manner in which the shape of the teeth and spaces affect the sensitivity should be explained. Both calcu- 
lations [1] and experimental results have shown that the greatest sensitivity of an induction angle-measuring table is 
attained ( providing the remaining conditions do not change) in the position of the shaft and casing teeth edges shown 
in Fig. 3, with the spacing between the teeth considerably larger than their width (at least twice as large). However, 
the negative effect of the shaft radial wobble on the accuracy of the device is most pronounced precisely in this posi - 
tion of the teeth edges. Therefore, it is advantageous to place the bridge 
zero balance point in the area of a small overlap of the teeth. In this 
case the sensitivity will be somewhat decreased but the accuracy will rise 
considerably. The most advantageous overlap of the shaft and casing 
teeth depends on the shaft radial wobble and the free play in its bearings, 
and should be selected experimentally for each angle-measuring device. 


The constructional schematic of the angle-measuring table devel - 
oped and produced by the OKB is shown in Fig. 4. Casing 1 carries two 
rings 2, each of which has 360 internal teeth. The upper ring can be 
Fig. 3. displaced with respect to the lower and secured in the required position 
by means of set-screws. Shaft 3 with its two rings 7 which have 360 
teeth each is fixed on rolling bearings to the casing. The rotating stage 
5 is fixed to rod 4 which is mounted on rolling bearings in the cylindri - 
cal opening coaxial with the external surface of the shaft. A vernier 
adjustment of the rod is obtained by means of a differential micrometer 
screw. Lever 6 is fixed to the collar of shaft 3 in the required position 
by means of a clamp. The end of the lever at a distance of 412.5 mm 
from the axis of the shaft carries a linear scale which can be seen through 
a microscope with a spiral vernier calibrated in microns. The angle of 
rotation of lever 6 and hence of shaft 3 in the range of #1° is measured 
by means of a linear scale and the miscroscope. For the above length 
of the lever each division of the spiral vernier scale of the microscope 
corresponds to 0.5". The whole number of degrees in the shaft rotation 
is read off the zero values in the difference of coil impedances of the 

induction device. The readout is obtained from the differential (bridge) 
Fig. 4. 
circuit, which is connected for nonautomatic measurements to a pointer 
instrument. This circuit makes a phase-sensitive detection possible (the 
direction of the current flowing through the registering instrument changes when the bridge balance point is crossed). 


For automatic angle measurements electrical command pulses should be transmitted to the appropriate elements of 
the angle-measuring devices. 


4 
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The electrical circuit of the null-indicator should possess in addition to the normal requirements for its stabi - 
lity several special features, Thus, it must have a sufficient gain; it must have provision for filtering out the 
harmonic voltage components in the bridge supply; it should be possible to limit the current flowing through the 
measuring instrument at a maximum permissible value for the microammeter. 


The schematic of the null-indicator circuit which was specially developed for the above angle-measuring 
device, and which meets all the above requirements, is shown in Fig. 5. 


The differential bridge circuit consists of two windings of the supply transformer T1, and the two coils of the 
induction transducer IT. The voltage from the diagonal of this bridge is fed to an amplifier. 


RC -filters with an adjustable maximum attenuation frequency are provided between the first and second and 
the second and third stages of the amplifier (tubes 6N2P and 6N1P), The first filter is tuned to the second harmonic 
of the bridge supply voltage, i. e., to 100 cps, and the second filter to the third harmonic, i. e., 150 cps. 
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Fig. 5. 


Between the third and fourth (output) stages a circuit for limiting the amplified bridge unbalanced voltage is 
provided. It consists of a double diode type 6Kh2P. The limiting level is selected by means of resistor Ry in such a 
manner that, for a maximum amplified unbalanced voltage at a maximum circuit sensitivity controlled by resistor 
Re (when the pointer is in the center position), the measuring instrument pointer does not go beyond the end of its 

scale. 


The second half of the double triode 6N1P is used for the output stage. The anode circuit of this tube is con- 
nected to the output transformer T2, whose secondary winding is connected to a phase-sensitive rectifier consisting 
of two DGTs24 diodes, and then to a 100 pa microammeter type M24, For counting the zero balances of the bridge * 
only the middle, zero, calibration of the instrument is used. Since the instrument's scale is nonlinear it cannot be 
used for measuring the shaft angles of rotation. In order to raise the time constant of the instrument an output T -type 
filter is used (Rg, Rg, Cy and C,). The reference voltage is supplied to the phase-sensitive rectifier from a special 
winding of the power transformer. In order to eliminate the possibility of a phase difference between the input of 

the phase-sensitive rectifier and its reference voltage, the unbalanced voltage is fed to the amplifier input with a 
certain present phase-shift controlled by means of resistor Rs. 


After the required adjustment of the appropriate circuit elements, the rotation of the angle measuring device 
shaft through 0.25" produces a deflection of the microammeter pointer by one division (54 a) to the left or the right 
of the zero position, The zero reading of the instrument is not affected by a supply voltage variation + 10% from 
the normal voltage. Random voltage jumps are completely eliminated by supplying the set through a ferroresonance 
stabilizer. 


When the angle-measuring device shaft is rotated slowly the microammeter pointer does not exceed the extreme 
positions of its scale when the bridge unbalance passes through its maxima, When the shaft is rotated rapidly the 
pointer does not deviate appreciably from zero. 


The accuracy of the indication angle-measuring table was checked by means of a flat rule fixed to the table 
and two nozzles mounted on the instrument casing and connected to a double-tube pneumatic measuring instrument. 


Repeated tests were carried out for a complete revolution of the shaft in intervals of 30, 60, and 120°. The 
value of the accumulated errors in the shaft rotation angles did not exceed 5.3". These values characterize the sys- 
tematic errors of an ‘angle-measuring table made without a cam compensator, Random errors in a single measurement 
of an angle did not exceed 2”, 
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In view of the fact that the errors in the pitch of the angle-measureing table rings amounted to 150", it is poss- 
ible to conclude that the test results have confirmed the high degree of their compensation. 


On the basis of this induction angle-measuring device OKB measuring sets for various applications have been 
developed. 


A goniometer thus designed was awarded in 1960 a gold medal at the All-Union exhibition of the achievements 
of our national economy. 


A dividing head with geared rings 180 mm in diameter has been developed and constructed, The measurement 
errors of this head do not exceed 5". The rotation angles of this head in the range of 1" are measured by means of a 
wedge and screw device graduated in 5” intervals. 


A device for automatic checking of the kinematic accuracy of precision gear-cutting machines has been devel- 
oped andis now being produced. The diameter of the induction angle-measuring transducer rings fixed on the ma- 
chine table amount to 1000 mm and carry 1000 teeth each. The diameter of the transducer ring mounted on the ma- 
chine spindle is 75 mm, and number of teeth is 50. The principle on which the automatic checking of the gear-cutting 
machine's kinematic accuracy by means of induction transducers is based consists of the following. The electrical 
pulses automatically supplied by the transducers at certain angular intervals in the rotation of the table and the spin- 
dle of the machine are recorded on a uniformly propelled film, The variations with time in the misalignment of ; 
pulses supplied by the two transducers determine the degree of kinematic error of the machine, 


An instrument for measuring the pitch of worm gears and gear cutters has also been developed. 


In solving certain metrological problems it is very convenient to use the induction angle-measuring transducer 
for automatic measurements of long distances and linear displacements. The value of a linear displacement can be 
determined by the rotation angle of the transducer driven by a moving table. The testing of such devices under lab- 
oratory conditions produced very satisfactory results. 


At present a device is being tested for measuring linear displacements of a coordinate boring machine. The 
quality of operation of such a device can be greatly influenced by the vibrations of the machine, uneven movement 
of the table and other circumstances, which produce a slipping of the rule which bears on the operating surface of the 
transducer casing. 


An inductive angle-measuring device capable of providing a very high accuracy of measurements may be used 
in designing various goniometric instruments. It is already possible to make gonimetric devices which automatically 
provide discrete signals in a rotating shaft at intervals of 20-30", 
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DETERMINING HARDNESS AT HIGH TEMPERATURES 


N. P, Slavina and A. V. Smirnov 


Translated from Izmeritel'naya Tekhnika, No, 4, 
pp. 14-16, April, 1961 


Alloy £14378 normally employed for making gas turbine blades was used in our investigations, This alloy was 
selected because it is heatproof up to 800°C, need not be protected from oxidation when its hardness is measured up 
to this temperature, it has been sufficiently studied for its strength with respect to temperature, has a high recrystal- 
lization temperature and hence can be used up to its creep point. 


Samples for measuring hardness consisted of 1-1.5-mrlong forgings of an octagonal cross section, The forgings 
were cut into samples 9-14 mm thick with an area of 2500 mm’ and then machined up to 5-6th grade of surface fin- 
ish. Next, they were heat-treated and polished up to the 10th grade of surface finish. 


Hardness measurements were made on a universal hardness gauge (Fig. 1) by the Vickers method with a 20 kg- 
wt load, The samples were heated in a vertical muffle oven 1 with the OKh25Yu5 tape 3 wound over a quartz tube 2. 


The temperature was controlled by means of a rheostat and measured with a chromel-alumel thermocouple 4, 
Sample 5 was placed inside the oven on a quartz table 6, which can be turned so as to make indentations at different 


points of thesample. For one fixing of the sample, 40 indentations could be made. Point 7 was fixed to quartz exten- 
sion 8, 


A, Vickers diamond pyramid was found to be suitable for the shape of the trip. 
This shape was selected experimentally by establishing the relation between the HV 
hardness numbers, which were obtained by pressing in a square pyramid, and the tough- 
ness characteristics 0, and 0}. 


7 The sample was heated up at the rate of ~ 4°C/min, kept at the required temp- 
erature for 30 min, and then subjected to a gradually applied load of 20kg-wt. The 
depth of the indentation was measured by a dial-type indicator calibrated in steps of 

6 2. Readings were taken at 600°C immediately after applying the load and after its 
application for 10, 20, 30, and 60 sec. From these data the optimum duration of 
applying the load before taking readings was found to be 30 sec. 


*LO\O O\0\0 


The effect of the extension rod on the accuracy of measurements was negligible, 
since a quartz rod was used. 


WN 


The temperature of the upper part of the oven was less than 10°C below the cen- 
tral part. This did not affect the temperature of the sample, which was 9-14 mm thick 
and placed in the middle of the oven. 


™ 

ga 


The hardness numbers of alloy £14378 for various temperatures were determined by the following three formu - 
las: 1) by the depth of the unrestored indentation h,, measured on the instrument dial indicator with the tip pressed 
into the heated sample under a constant load of P = 20 kg-wt 


(1) 


The measurement of H,, provides an idea of the resistance of the material to an elastoplastic deformation at 
the test temperature. In order to be able to compare the values of H}, with the hardness numbers calculated from 
the diagonal of the indentation, it is necessary to have the same dimensions, hence, in formula (1) the load is referred 
to the square of the depth (h’). 
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2, By the diagonal dg of the restored indéntation measured after the cooling of the sample to 20°C; 
(2) 
sin 9 di, kg- mm 


where & is the angle between the opposite faces of the pyramid at the apex of the diamond tip, which in our case is 
136°, 


This measurement provides an idea of the residual deformation of a cooled sample due to its loading in a hot 
state. 


3. By the diagonal d; of the indentation calculated from the unrestored depth h, which was measured at the 
test temperature. 


sin 


P. 
ke-wt/mm*, (3) 


This measurement, however, is not a simple recalculation from the value of h, which was measured on deter- 
mining H};. In a geometrical calculation of a regular square based diamond pyramid with an angle of 136° at the 
apex 

d= ki, where k= 7, 


In our case the value of k, equal to 7.4, was obtained expertusentatty as a mean of 47 measurements of the alloy 
hardness at a temperature of 20°C. Coefficient k accounts for the actual shape of the tip and the effect of this shape 
on the tested material; hence, it should always be determined experimentally. Thus the measurement of HVq, has an 
independent value obtained from the formula 


HVq,=2 sin — kg-wt/mm’, (3a) 


; 


It represents, in the same manner asHp,, the elastoplastic resistance ot me material in a hot state of indentation by 
the pyramid, 


TABLE 1 The measurement resuslts are given in Fig. 1. 

Quadratic mean error of It will be seen form curve Hp, in Fig. 2 that above 
measurement a temperature of 700°C the hardness of alloy E1437B . falls 

. sharply, and hence its other mechanical characteristics 

# % % of H also fall at that temperature. 

Hy 3,68 6 12 Calculations from (1) provide a clear picture of the 
nV, 5,20 1,5 3 variations in the properties of the material at high temp- 
Va, 3,68 6 12 eratires, and if necessary make it possible to recalculate 

| the hardness numbers from(3). The hardness values of 


HV and HVq, practically coincide up to a temperature 
of 300°C, since the difference in the hardness numbers is 
of the same order as the errors of measurements (3-4%), With a further rise of temperature the difference increases 
and at 700°C it attains 35-40%, Hence, if hardness at high temperatures is to be considered as a property of the ma- 
terial, it should be determined from the data obtained from a sample in a hot state. 


Calculations from (3) require a preliminary experimental determination of the ratio d/h for the given material 
and tip. 


The lack of parallelism between curves Hh, and HVd, shows that the ratio d/h is not constant even for the same 
material and tip, and changes with temperature. 


For the calculation of the quadratic mean deviation (S) 10 groups of measurements were made with 8 measure- 
ments in each group. Table 1 gives the quadratic mean error (S) in measuring h and d, expressed in microns and per~ 


centages, The quadratic mean division in calculating the hardness numbers Hh HVaao and HVq. are shown in the 
last column. 
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If we should add to the error in determining HV qa» the error due to the compression of the sample in cdoling, 
which has a nonlinear temperature relationship and rises with the temperature expansion coefficient of the material 
under test, we would obtain a considerable decrease in the difference between HVqgp and HVq, (see Fig. 2). 


Table 2 gives the values of 6, and Op at different temperatures for sam- 
ples of the same alloy £14378 measuring d = 8 mm and! = 40 mm and ob- 
tained for a constant rate of loading. 


TABLE 


Ds, 
t, °C kg-wt/mm? kg-wt/mm’"| 6 5,% Note 


500 66,0 17.8 6.0 In the first wwo cases 55 

600 62.0 76.5 7.0 was calculated from the 

700 62.5 72.5 1,26] sample, in the remaining 

800 54.2 66,2 2.8 cases from thr stress dia- 
gram 


Figure 3 shows the relation of Hj,,, HVqg and HVq, to the values of o, 
and 6), at the same temperatures. 


lloy Conclusions. 1, The measurement of hardness at high temperature is an 
De approximate speedy method which in many instances may replace the more 
} an protracted toughness tests at high temperatures, 
2. Hardness at high temperatures can be measured by means of ordinary 
hardness guages with attachments in the form of heating and protecting devices, 
extension rods for fixing the tips and tips made of heat-resisting materials with 
b a small temperature expansion coefficient. A diamond tip can be used in air 
Y with a loading of 20 kg-wt at temperatures not exceeding 700°C, Abrupt temp- 
erature variations are not permissible, since they produce cracks in the dia~- 
mond, 
ove 3, The hardness numbers for high temperatures can be calculated from 
alls three formulas for H),,, HVgo and HV4,. However, the values of these measure- 
$ ments and their errors are not comparable to each other. 
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ELECTRICAL MEASUREMENTS 


PROVISION OF FREQUENCY TRANSDUCERS 
FOR ALL ELECTRICAL AND NONELECTRICAL QUANTITIES *® 


P, V. Novitskii 


Translated from Izmeritel'naya Tekhnika, No. 4, 
pp. 16-21, April, 1961 


Various measured quantities are in practice transformed in the measuring process into a limited number of out- 
put parameters. Mechanical displacements was historically the first type of such a (unified) parameter. It forms the 
basis of mercury thermometers, spring manometers, pointer voltmeters, etc, Another type of unified parameter con- 
sists of the value (amplitude) of electrical current or voltage. At present practically all the properties of matter and 
energy can be converted by means of electrical transducers into current or voltage and measured on electrical mea- 
suring equipments, For this purpose over 25 systems of transducers have been developed for measuring both electrical 
(rectifiers, thermal converters, surge coils, shunts, electrical and magnetic probes, Hall transducers, etc.) and non- 
electrical (photocells, themocouples, resistive, inductive and capacitative impedance transducers, etc.) quantities. 
All these transducers are based on amplitude modulation of electromagnetic processes and have a continuous charac- 
teristic, 


At present, with the requirements of feeding measurement results into digital machines, it becomes necessary to 
develop discrete measuring systems. The unified parameter of such systems should consist of discrete pulses instead of 
an analogue value of current or voltage. 


As a temporary measure this problem can be solved by using analogue to digital converters with ordinary mea- 
suring devices. Many organizations are now developing such converters. However, a more promising solution of this 
problem consists in developing directly measuring,discrete, in particular, frequency transducers, 


As the result of the work conducted in recent years at the problems laboratory for physicotechnical measure- 
ments of the electrical measurements department of the Leningrad Polytechnical Institute, the author arrived at the 
conclusion that frequency transducers can be produced to measure in a manner similar to amplitude transducers the 
most varied physical quantities. It can even be expected that eventually the frequency transducers will develop to a 
point when the number of their types will exceed the number of amplitude transducer types known at the present time. 


The basic feature of all the frequency transducers consists in using self-oscillatory systems in a generating con- 
dition. The measured value is sensed in this arrangement by the tuned circuit elements of the oscillatory system, 
thus determining the generated frequency. As the result of this the output pulse repetition frequency becomes a 
single-valued function of the measured quantity. In many instances a high degree of linearity for this function may 
be obtained, thus providing the value of the measured quantity by counting the number of pulses per unit of time, and 
its time integral by counting the pulses over an arbitrary time interval. 


The great simplicity of accurate digital integration constitutes another great advantage of frequency transducers. 


The self-oscillatory systems of frequency transducers may use in their excitation circuits various types of ampli- 
fiers, including mechanical, pneumatic, hydraulic and electrical amplifiers. However, the characteristic of transducers 
according to the type of amplifier they use is not fundamental. A more fundamental characteristic, which determines 
the functioning of the frequency transducers consists in the type of the passive tuned circuit which, in conjunction with 
the exciting amplifier, forms the self-oscillatory system of the transducers. | 


The tuned circuits which can serve for designing frequency transducers can be divided into five groups: 1) de- 
vices with lumped electrical parameters; 2) devices with lumped mechanical parameters; 3) devices with a variable 
time delay; 4) devices with linearly distributed parameters; 5) devices with volumetrically distributed parameters. 


*From the paper read at the second inter-university conference on production automation, held in Baku in October ,1960. 


. 
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The principle od operation of each group of these frequency transducers can be illustrated by a number of ex- 
amples. 


1, Frequency transducers with lumped electrical parameters consist of electron oscillators, whose tuned circuit 
comprises parametric transducers of resistive, inductive and capacitative impedances. In RC oscillators with a vari- 
able resistor (Fig. 1a) the relation between frequency and the relative variation of resistance has the form of: 


§ (1) 


where f, is the variable frequency ; fois the initial frequency; Sp = ARMR is the relative variation of resistance; nis 
an index which depends on the configuration of the tuned circuit, and is equal to 2 for a Wien bridge, to 3 for a three- 
section RC network, to 3 for a twin T-bridge, and to 4 for a 4-section RC network. 


The transformation function of such a frequency trans- 
ducer is not strictly linear; hence, for a deviation of 10% 
i, of and n equal to 2, 3, and 4, the error due to nonlinearity 
Dagon amounts in digital readout to 13, 16, and 18% respectively, 
and decreases with a smaller deviation. Nevertheless, such 
i, of transducers are already being used in practice [1]. 


A pronounced decrease in the nonlinearity error is at- 
tained by using a differential resistance transducer and two 
oscillators O, andO,( Fig. 1b), with the frequency of one of 
taf aR them increasing while that of the other decreases. By means 
{a= of a ring modulator M their difference frequency is obtained, 
which is proportional to the measured value, The error due 
to nonlinearity in this case is decreased to the value obtained 
in a differential resistance transducer of an unbalanced bridge 
circuit. 


of 


i" The limitation of this frequency trahsducer circuit 
A consists in the necessity of obtaining a deviation of 5-15% 
for a relative variation of resistance amounting to 10-60%, 

f Therefore, it is impossible to use in this system, for instance, 
Fig. 1. wire strain gauges whose resistance variation does not ex- 
ceed 0.1%, This difficulty is overcome by using split-phase 
oscillators with an artificial 90° phase shift [2]. The nonlinearity error in this instance amounts to #0.25% for a fre- 
quency deviation of 210%, 


In frequency transducers consisting of LC oscillators with a variable capacitance or inductance, the relation 
between the frequency and the relative variation of capacitance or inductance also follows the above-mentioned 
formula with an index n varying between 2 and 8 according to the relative sensitivity of the transducer. However, 
the inductance of capacitance of parametric transducers with a variable air gap 6 is in turn inversely proportional to 
the value of this gap, which makes the conversion function assume the form of: 


140k, “ 


which has a nonlinearity error of 4.5% for a frequency deviation of 10%, If differential transducers providing a differ- 
ence frequency of two oscillators are used (Fig. 1c and d), this error is reduced to 0.5%, At the same time, the temp- 
erature error according to the data obtained by the author is also reduced to 0,2%/10°C, 


When capacitative transducers with a variable area obtained by means of slanting plates are used (Fig. le), it is 
easy to obtain a square-law relationship between capacitance C and the measured value X. In this case the period 
T,, of the generated oscillations is intheorya linear function of the measured value. Its coverage by reference fre- 
quency fy pulses provides a simple highly accurate digital-pulse system. 


A capacitative transducer, one of whose plates is sectionalized (Fig. 1f), provides an oscillator frequency which 


_ is proportional to the measured value, i. e., is in theory a linear function of the measured value. 
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One of the advantages of this system consists in the simple adding of readings obtained from different measured 
objects. For this purpose it is sufficient to connect the adding counter, which in this case serves as an output indicating 
instrument, to the oscillators of each of the measured objects in turn, 
2. Frequency transducers with lumped mechanical parameters, those of the second group, can be illustrated by 
the following examples. 


A pendulum integrating accelerometer [3] contains a frequency transducer in the form of a generator (similar to 
a tuning-fork generator) whose frequency is determined by the natural frequency of the pendulum made similar to the 
pendulum used in watches. If the pendulum is perfectly balanced its frequency does not depend on the effect of ex- 
ternal accelerations; however, if the pendulum is unbalanced, the relation of its frequency to the measured acceler- 


ation % assumes the form: 


fe=ho V (3) 


In order to avoid nonlinearity,a difference frequency of two generators with their pendulums unbalanced in op- 
posite directions (Fig. 2a) is used. The frequency variation of such a differential transducer provides the value of the 
acceleration, and the counting of the total number of output pulses gives the integral of acceleration, i. e., the vel- 
ocity of the transducer in space. The same principle can be used for a second integration [4] in order to obtain the 

value of displacement in space, i. e., the instrument provides in a digital form simultaneously acceleration, velocity 


and displacement of the movement under consideration. 


In another type of a similar instrument (Fig. 2b) the pendulum rotating about its axis is replaced by elastic reeds 
with weights fixed to their free ends. In this case the reeds can be made to oscillate either by electrical or pneumatic 


means (similar to a reed of an accordion). 


Frequency transducers of the pendulum type can be used not only for measuring nonelectrical quantities, but also 
for measuring in a digital form purely electrical quantities, As an example we can cite the digital electrostatic volt- 
meter (Fig. 2c) suggested by the author in conjunction with P, T. Lek and G, A, Kondrashkova, If the measuring ele- 

ment of this voltmeter is made with a negligibly small mechanical stiffness in such a manner that when it is deflected 
to either side from its natural position it produces a restoring (return) torque W=c'U* (which in the case of electrosta- 

tic mechanisms is provided with the simplest shape of plates), the frequency of natural oscillations of such a system 


will be equal to: 
© = £0. (4) 


where c is a design constant; J is the moment of inertia of the moving part; and U is the effective value of the mea- 


sured voltage. 


The advantages of voltmeters of this system consist of a 
high and constant sensitivity, since the design constants J andc 
only depend on the geometrical dimensions of the instrument's 
elements and do not depend on the properties of these elements 
(friction, stiffness, etc.), as well as of a direct digital readout 
in measuring both dc and ac voltages right up to high radio fre- 
quencies, 


' 


3, Transducers with a variable time delay, which belong 
to the third group, are represented by an electrostatic voltmeter 
with a floating ball. Two flat electrodes connected to the mea- 
sured voltage are immersed in a viscous nonconducting liquid 
(Fig. 3a). The ball which floats in liquid is attracted to one 
electrode, acquires a charge of the same sign as the electrode, 
is repelled from it and attracted by the opposite electrode. On 
touching the other electrode it loses its charge, acquires another 
of the opposite sign, produces a current pulse in the electrode 
and is repelled from it. The velocity of the ball and hence the 
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period and frequency of its oscillations are determined by the 
viscosity of the liquid and the applied voltage. The effect of 
temperature on viscosity is, according to American data, elimi- 
nated by using silicon-organic liquids. 


Another example of such transducers consists of the electro- 
9 lytic counter developed by the "Vibrator"plant. The gas liber- 
ated in electrolysis displaces along the glass tube a drop of an 
Vs electrically conducting liquid. At the end of its travel the drop 
shortcircuits two contacts which switch-in a relay and the mea- 
sured current is connected to another electrolytic cell, whose gas 
PG 1A is propelled from the opposite end of the tube, returns the drop 
| until it closes another pair of contacts, The velocity of this drop 
he fs is proportional to the current. Thus, the frequency of the drop's 
oscillations is proportional to the value of the measured current, 
Fig. 3. and the total number of oscillations to the quantity of electricity. 
On similar lines electroosmatic frequency transducers may be 
constructed, 


a A similar principle of operation controls instruments based 
on the heating if bimetallic elements which disconnect the 
G||G heating circuit (Fig. 3c) and on cooling reconnect it. In this 
case the frequency of oscillation is proportional to the square of 
the current, and such instruments can therefore be used for a 
square -law conversion of the measured value. 


In concluding the examination of time-delay transducers, 
ii J] j mention should be made of the frequency transducers of velocity, 
displacement and gas flow [5]. Electrodes of a pulse generator 
b PG (3-15 kv) are placed in an air stream (Fig. 3c). The sparks 
between them ionize a small volume of air ( produce an ionic 
“marker”) which is carried by the air stream to the receiving 
electrode which is placed at a given distance from the genera- 
tor (100-200 mm). The instant the “marker” passes near the re- 
ceiving electrode is registered by a sensitive amplifier A, which 
us used to trigger the pulse generator and produce the next ionic 
“marker,” The pulse repetition frequency of such a transducer is 
directly proportional to the measured speed and inversely propor- 
tional to the distance between the receiving and transmitting 
electrodes, and the total number of pulses is proportional to the 
Fig. 4. displacement or flow of gas. The advantages of such a frequency 
transducer (in addition to its exceptionally simple integration of 
speed) consists in its applicability for measuring both infrasonic and supersonic speed of gas flow, thus presenting a 
considerable advantage as compared to any other aerodynamic speed transducer. 


4. Transducers with linearly distributed parameters, belonging to the fourth group, are represented by such 
widely known instruments as string strain gauges, dynamometers, thermometers, etc. These transducers consist of self- 
oscillatory devices whose frequency is determined by the mechanical natural frequency of vibrations of a taut string, 
in thesame manner as a tuning fork sets the frequency of a tuning-fork generator, The natural frequency of a taut 
string is determined by the expression : 

1 F 
j= 2 4 (5) 


where F is the string tension; I is the length of the string, and m is its mass. 


The relation between the frequency of a string transducer and the force applied to it or its length is nonlinear. 
In order to linearize it only small portions of this nonlinear relationship are used, or a differential system consisting 
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of two string generators with opposite signs in their frequency variations, producing a difference, are used. In the 
first instance the nonlinearity for a frequency deviation of 5% amounts to 2.5%, and in the second case to 0.12%, 


String transducers can be used not only for measuring mechanical quantities such as deformations, forces, pres- 
sures, etc. [6],but also for measuring temperature [7] with its representation in a digital form. In recent years owing 
to the use of digital electronic machines several new highly accurate types of string transducers have been developed. 
Thus, the All-Union Scientific Research Institute of Geophysics has developed a string gravimeter for prospecting, with 
a sensitivity of 10°"-10* m/sec” [8]. Reports have appeared in American literature of the production of micromano- 
meters with a relative sensitivity of 2-10 “T and rocket string accelerometers with a relative sensitivity of 5+107* (9}. 


In 1959-60, the author suggested the use of string transducers not only for measuring nonelectric quantities, but 
also for the production of digital electrical measuring instruments such as ammeters, voltmeters and dc and ac elec- 


tricity meters. 


In digital ammeters and electricity meters of the magnetic string system (Fig. 4a) the tensioning of the vibrating 
string is provided by a sliding moving coil mechanism. In order to obtain high stability and linearity of conversion, 
two differentially connected generators are used. A model of such an instrument made in the LPI (leningrad Polytech - 
nical Institute) had a limit of 10 ma and an error of the order of the fourth decimal place. The great advantage of 
this instrument consists in the possibility of prolonged integration with respect to time of dc values represented by 
several milliamperes. 


In the digital voltmeter of a piezoelectric string system (Fig. 4b) the variable tensioning of the vibrating string 
is provided by the inverse effect of a piezoelectric pile to which the measured voltage 2U is fed. The advantages of 
such voltmeters and integrators consists in the absence of moving parts and a very high input impedance (up to 10” 
ohm for direct voltages and up to 10” ohm at 50 cps). 


In digital ammeters, wattmeters and electricity meters of the dynamic string system (Fig. 4c) the tensioning of 
the string is varied by an electrodynamic mechanism; hence, instruments of this system are equally accurate for direct 
and alternating currents and may be used as comparators, The square-law relation of the effort with respect to the 
current provides a linear transformation function for the whole device. The small error of these instruments is due 
to the very small displacements of their moving part, which makes them essentially ampere-balances with a digital 
readout. 


Finally, there are digital instruments of the thermostring system (Fig. 4d) in which the variations in the ten- 
sioning of the string are provided by the extension of a torsion suspension which is heated by the measured current I,. 
Such instruments provide a linear digital conversion or integration of current with respect to time with moderate ac- 
curacy (of the order of the third decimal place) over a very wide frequency range. 


5. Transducers with volumetrically distributed parameters, which belong to the fifth group, utilize the propa- 
gation of mechanical or electromagnetic oscillations in a given volume. In this case waves of the most varied con- 
figurations can be used; however, the simplest method consists in using longitudinal standing waves. The resonator 
can be hollow or filled with gas, liquid or a solid body. 


A typical case when solid resonators are used consists of quartz or magnetostriction generators. For instance, in 
order to measure the thickness X of an ice covering it is sufficient to place the crystal of a quartz generator on the 
surface subject to icing (Fig. 5a). The icing will increase the effective crystal thickness and the frequency f, of the 
generated oscillations will accordingly decrease, The principle of operation of these instruments approaches very 
closely to that of modern ultrasonic thickness meters and fault detectors. 


When a hollow resonator is filled with liquid and operates with a longitudinal standing wave, the generated os- 
cilations are propagated to the surface of the liquid and then reflected back, Hence, such a resonator can be used as 
a tuned circuit which determines the generator frequency, The period of oscillations of such a generator is directly 
proportional to the length of the resonator and inversely proportional to the speed of wave propagation in the medium. 
This principle can be used for constructing digital transducers for level meters, and for a given level, gauges for mea- 
suring the density, composition and temperature of the liquid. 


If the hollow resonator is filled with gas instead of liquid, the mathematical relationship remain the same, with 
the exception that the speed of sound propagation in gas is affected by temperature to a far greater extent than in 
liquids, Therefore a gas digital thermometer (Fig. 5c) is more sensitive than a liquid thermometer and is already 


4 


being used in practice. Several such digital thermometers have been produced at the D. I. Mendeleev All-Union Sci- 


entific Research Institute of Metrology. They are employed for accurate determination of reference points in the 
temperature scale used for checking purposes, 


The speed of sound propagation is very sensitive to the 


Ad. composition of the gas. Thus, for hydrogen it amounts to 1260 
ith ME IT — m/sec, for nitrogen to 337.5 m/sec, and for carbon dioxide to 
477 ES 258.3 m/sec, These properties of gases can be utilized for making 
SS ye oe digital gas analyzers using a differential circuit in order to eli- 
4 minate the temperature effect. 
r 1 G f, Finally, by using coaxial resonators for electromagnetic 
G P vibrations and filling them partly with electrically conducting 
ting ‘ liquid (Fig. 5e) we obtain a digital level meter whose readings 
; . are not affected by temperature, or the condition of the liquid 
ch- (inclined surface, impurities, or even waves or boiling). 
| 9 Conclusions, The production of frequency transducers of 
digital instruments for measuring various physical quantities is 
2 3 one of the most promising trends of development of modern elec- 
ng trical measuring techniques. The above-mentioned 24 types of 
of : frequency transducers for digital measuring instruments do not in 
4 : any Way exhaust all the possible varieties; however, they alone 
cover the greater part of measurable physical quantities. 
d 
a Fig. 5. 1 = exciter; 2 = microphone; 3 = telephone, 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
= ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 


odical literature may well be available in English translation. A complete list of the cover-to- 
cover English translations appears at the back of this issue. 
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EXPERIMENTAL INVESTIGATION TECHNIQUE 


OF AN ELECTRONIC CONVERTER OF VOLTAGES 


INTO TIME INTERVALS 


M, A. Zemel'man 


Translated from Izmeritel'naya Tekhnika, No. 4, 
pp. 22-27, April, 1961 


In developing measuring instruments with a digital readout or an analogue-digital converter, one aims at making 
the error of measurement or conversion to the error of discrete readings, i. e., to make the error smaller than the 
smallest decimal unit. Moreover, it is necessary to take into account not only the discrete reading error, but also 
other factors, such as nonlinearity of the conversion scale, variations of the ambient temperature, changes in the 
supply voltage, zero drift, variations in the internal resistance of the measured source, etc. In order to be able to ne- 
glect the errors due to all these factors, these errors must be made considerably smaller than the smallest decimal 
unit. 


In the above instruments one should also take into consideration such effects as the so-called internal conversion 
noise or random errors due to causes which are not connected with the discrete method of conversion. 


Determining all the above errors is one of the most important problems of metrological investigations of anal- 

Ogue to digital converters and digital measuring instruments, An important parameter of the above instruments is the 
delay in stabilizing the reading, i. e., the duration of transient processes. 
This time must be known in order to determine correctly the frequency of 

U, sampling or the conversion cycle of the instrument. 


This article deals with the experimental research technique and certain 


was ond peculiarities in the operation of analogue to digital converters of one specific 
type, the converters based on the comparison of the converted (or measured) 
Output voltage with a linearly varying reference voltage. The properties of such in- 


struments depend mainly on the characteristics of the converters of voltages 
into time intervals (VTIC), which are always included in analogue to digital 
converters based on a voltage ramp. 


The normal block schematic of such a converter is shown in Fig. 1. 


Here CG is the cadence generator which sets the conversion frequency, 
SG is the generator of the sawtooth reference voltage Un, and ZD is the zero 
detector, Figure 2 shows the time diagram of the converter operation, whose 
zero detector consists of two identical circuits, one of which operates at the 
instant the measured voltage U, equals the reference voltage U_ (ZD,), and 
the other at the instant the reference voltage U, passes through zero (ZD3). 


$s 4 ZD ‘Two pulses appear at the output of the zero detector, with the interval ty 
+ : : Zp between them being proportional to the measured voltage U x’ 


Metrological investigations of an electronic VTI converter are difficult 
Fig. 2. owing to the limited accuracy of time interval meters (TIM) required for 
measuring the output time intervals in a VTI converter. For instance, if it 
is required to measure a voltage with an error of 0.1% an electron three-digit TIM counter is used, In this arrange- 
ment the discrete measurement error amounts to 0,1%, and the measurement of the converter output time intervals 
with greater precision which is required for certain systematic conversion errors is, it would appear, impossible. 


However, from our point of view it is possible by using a certain technique to investigate the behavior of the 
VTI converters in the greater part of actual operating conditions by means of an electronic TIM counter with an error 


considerably smaller than the discrete counting error of a TI meter, 
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The method of measuring time intervals by means of electronic counters consists of making pulse A, which de- 
termines the beginning of the measuring interval, to close the switch which connects to the electronic counter pulses 
of the reference frequency f, and to make pulse B, which determines the end of the interval, to disconnect the switch, 
thus stopping the supply of these pulses to the counter. 


If there is no internal noise in the VTI converter the time interval between pulses A and B for a constant value 


of U, will be constant and will notfluctuate, In the presence of internal noise in the VTI counter, interval tx will 
fluctuate. 


Let us first assume that the internal noise does not exist and t, =const. The measured interval ty (Fig. 3) con- 
tains ny counting pulses. Since the counting pulses are not synchronized with pulses A and B, interval Ay between 
pulse A and the first counting pulse may vary at random for various counting cycles and a uniform distribution. If the 
measured interval is not equal to a whole number of periods Ty (t, =nyTp + At, where 0< At< Tp), the number of 
counting pulses which will fit into interval t, may be equal to ny= nx or ne =n, +1. Moreover, the reading of the 
counter will be equal either to ny or to ng, and the error of a single reading must be assumed to be equal to the dis- 
crete counting error, The random measuring errors of counter TIM may be evajuated in the following manner®. 


Interval T, is expressed by the number N, = nx +4 n, where n, is the number of integers and 0<An<1, The 
reading of the TIM counter will then be equal to N; = n, or N; =ny +1, The number An is equal to the probability 
that N. = n, + 1, and the number (1-An) is equal to the probability that N, = n,. 


The expectation value of the readings will be: 


MN , =A4n (n,+1)+(1—An) 
and the dispersion of the readings equal to: 


DN, =An(n;+1—MN, =4n (1 —An). 


Depending on the value of An the dispersion lies somewhere in the range of 0< DN, <0, 25, with its maximum 
value occuring for An=0.5. The dispersion is equal to zero for An=0, i. e., for Ny = nx or tx = nyTp. 


When the dispersion of the counter readings equals zero it 


My means that for ty = nyT» the counter reading is stable. It is obvious 
Ta thet the reading of the counter thus obtained N; = Ny corresponds 
at; a to the measured interval t, which is independent of the discrete 
tx measurement error of the counter. 


It should be noted that in deriving the expression for the dis~- 
persion an assumption was made that no synchronization existed be- 
tween the voltage ramp and the reference frequency counting pul- 
ses. Hence, interval At (Fig. 3) is a random uniformly distributed quantity. Since no other assumptions were made, 
it can be expected that the dispersion of the TI meter readings in testing the VTI converter, which has a low internal 
noise, will satisfactorily meet the above expression. This.has been confirmed experimentally. Thus, for certain val- 
ues of U,, which meet the condition T, = n,To, the readings of the TI meter become stable, nonfluctuating. The 
error in the readings of the TI meter then become independent of the discrete reading error of the counter. In prac- 
tice there will only remain the other error componenet of the TI meter readings due to the instability of the frequen- 
cy fy of the counting pulse generator. Such generators are usually crystal controlled and the error of their frequency 
is incomparably smaller than the actual TI meter discrete reading error, which can thus be neglected in testing the 
VTI converters, Hence, the stable readings of the TI meters can be taken for the actual value of interval t, with an 
error considerably smaller than the discrete reading error. 


Fig. 3. 


On the basis of the above reasoning it is possible to suggest the following technique for testing the accuracy of 
the VTI converters. A definite stable reading of the TI meter is obtained by smoothly varying voltage U, whose 
value thus obtained is then measured on a dc potentiometer. These measurements are made under the various condi - 


* The approacn made in this article to the evaluation of random errors in the readings of the TI meter was suggested 
in a work conducted in the MAI (Moscow Aviation Institute) under the guidance of E. I. Gitis. 
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tions whose effect on the operation of the VIT converter it is required to investigate. The readings of the MIT coun- 
ter are set to the same value for all the different conditions. The difference between the appropriate values of volt- 
age U, will-then determine the effect under investigation, For this purpose voltage U, must be sufficiently stable. 

The above errors of the VTI converter are calculated from the formulas 


-100%, 
Uy max 


where U,, is the nominal converted voltage, which corresponds to the set time interval t, : 


Un ma 
max 


Un max i8 the maximum nominal converted voltage; t,,, is the nominal time interval corresponding to voltage 
Un max : Ug is the actual value of the converted voltage corresponding to the set time interval ty. 


All the above holds if there are no internal noises in the 
VTI converter. In fact, these noises always exist and make 
time interval ty fluctuate. Moreover, the counter reading 
dispersion will exceed the value calculated from the above 
expression. For each conversion cycle, intervals t, will have 
random values grouped around a mean value t,,,. Hence, 

i= { (h even if tx m is equal to a whole number of reference frequency 


ZD output 


periods, the counter readings will fluctuate. 


However, if the internal noise of the VTI converter is 
small, the dispersion of the counter readings for tx m= NxTy 
will be considerably smaller than in the case of tx m#NyTo. 
In practice this amounts to the fact that for t, », = nxTo +0.5 Ty i. e. for An = 0.5 the counter readings will assume 
various values from which it will be impossible to detect visually the one which occurs most often; but although for 
tx m = nxTo the counter readings will also assume different values, one of them will noticeably preponderant. It fol- 
lows from the above that for ty m = NyTp the readings of the counter will be more stable. With a srnall internal noise 
it will be in practice possible to set a value for U, for which the readings of the counter will be stable, i. e., a def- 
inite reading will last for a sufficiently long period and only seldom other readings will appear. 


Fig. 4. 


The impossibility of obtaining stable readings of the counter when voltage U, is varied smoothly indicates the 
existence of a large internal noise in the converter. This noise can be evaluated by a method at the end of this art- 


icle. 


In the above converters the internal noise must be small, and therefore it will be possible by means of the sug- 
gested technique to determine any systematic errors in the converters, for instance, the " calibration error ,” i. e. the 
degree of nonlinearity of the converter scale, the effect of supply voltage variations on the converter readings, etc. 
Moreover, the stability of the converter readings with time can also be determined, 


We tested a converter by means of the above technique with a TI meter which had a three-figure display, i. e., 
a discrete reading error of 0.1%, The consistency of the results thus obtained shows that the random measurement er- 
rors did not exceed 0,01-0.02%, The systematic errors due to those of the dc potentiometer and the frequency of the 
reference generator were also negligibly small. 


Important technical characteristics of the VTI converter consist in its input impedence and the transient period 
in obtaining its readings. These characteristics are determined in practice by the properties of the converter’s zero 
detector. In order to understand the causes affecting the above characteristic it is necessary to examine the operation 
of the zero detector in greater detail than has been done in[1, 2]. As a concrete example let us take the widely used 
diode zero detector with a positive transformer feedback, (Fig. 4). 


At the beginning of the measuring cycle (Fig. 2) as long as U, < Up, diode D is blocked, but the output pentode 
of the zero detector is conducting. Capacitor C is charged up to voltage U, along the circuit consisting of R-C the 
space between the grid and cathode of the tube, The voltage at the anode of the diode (with respect to “ground,” 

i. e, the zero level) is equal to the voltage at the capacitor C, The diode must become conducting at the instant 


= 
| 


the 


when U,, = U_. For this purpose capacitor C must have time to charge to voltage U, before the measuring cycle be- 
gins. At the instant the diode becomes conducting it closes the positive feedback circuit, the pentode is rapidly 
blocked and a positive pulse appears at the output of the zero detector. When the diode conducting the pulses of the 
input current ijn and current i, which are provided by the sawtooth generator SG, begin to flow and capacitor C dis - 
charges slightly. After the lapse of a time t, at the end of the sawtooth voltage ramp (Fig. 2) the diode is again 
blocked, current i stops flowing and capacitor C begins to charge up to voltage U, during the open circuit condition. 
If capacitor C has not sufficient time to charge up to voltage U, during the open circuit condition, the relation of 
the output time intervals to voltage U,, i. e. the conversion scale, becomes nonlinear. The smaller the conversion 
cycle T, (Fig. 2), the quicker must capacitor C be charged. Hence, the higher the conversion frequency, the smaller 


must be the time constant of capacitor C charging circuit, i. e., the smaller must be the resistance R which includes 
that of the U_ voltage source. 


On the other hand, a reduction of resistance R raises the currents ij, and i, Current ijn directly loads the source 
of the measured voltage and must therefore be small. Current i loads the source of the reference sawtooth voltage and 
may cause for a certain output impedance of this source nonlinearity in the sawtooth voltage, which cannot be toler- 


ated, especially in multichannel converters. In selecting the value of resistance R a comprise must be reached for 
each particular case. 


The peculiarities of the operation of the zero detector are such that it cannot be characterized by the simple 


conception of an “input impedance,” as is done for instruments whose input circuit is a linear passive two-terminal 
network, 


It is advisable to evaluate the peroperties of the MTI converter input circuit by two characteristics, namely in- 
put current in’ and the relationship of the converter readings to the internal impedance of the source. 


Figure 5 shows an oscillogram (time pips at every 100 sec) of the converter input current for a particular case, 
which provides an idea of the quantitative characteristic of the input clirrent pulses. 


It is interesting to note that if the single polarity current ij, Pulses in the converter input circuit are instrument 
which measures mean voltages (for instance, on a moving coil instrument), and is connected in parallel with the con- 
verter, its readings may differ from those of a counter connected to the converter output. The mean voltage measured 
at the terminals of the instrument and the converter will not equal the source emf, since the mean value of current 
ijn, Which flows through the internal resistance of the source, is not equal to zero, The moving coil instrument (this 
also refers to a dc potentiometer) will measure the mean voltage at the terminals, but the reading of the converter 
counter will be practically equal to the source emf, 


In examining the effect of the internal resistance of the voltage U, source on the reading of the converter it is 
necessary to take into consideration the following facts, The internal resistance R,, of the source U, may be con - 
sidered as part of resistance R. For large values of Rj, charging of the capacitor C may not be completed before the 


beginning of the next cycle, thus leading to a reduction in the output time interval as compared with that obtained 
for a small R; 


Moreover, an important part may also be played by another circumstance, 


It is known from [1] that the zero detector will operate at the instant when the gain of the open-circuited feed- 
back circuit of the zero detector becomes equal to unity. For the circuit shown in Fig. 4 the gain of the open-circui- 
ted feedback (neglecting the output impedance of generator SG) is equal to: 


W, Re 
Ket, 
Re+Rq 


where ky is the gain of the tube stage, which is equal to the ratio of the voltage across resistor Ry to the voltage on 


the control grid of the tube; wy and wy are the number of turns of the thermometer windings; Rq is the diode resis- 
tance, and 


(R+Rin) Rey 


where Rgk is the grid to cathode resistance of the tube. 
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The expression for Rg holds if the effect of the capacitance C reactance on the alternating component of the 
current is neglected, which is permissible in practice. It will be seen from the expression for K that the larger the 
value of Re, i. e. that of Rj, (with the remaining conditions unchanged), the sooner will K become equal to unity. 
Thus, if the converter is calibrated for a value of Ryno, then for a larger viaue of Rj the output time interval will 
be larger than that whoch would have been obtained for Ring. This phenomenon and the complete charging of the 
capacitor for a large Rj, have opposite effects on the conversion error. Hence, under certain conditions the rising of 
the value of Rj, may produce either a rise or a fall in the converter readings. 


When determining the causes affecting the transient period in the converter readings it is necessary to take into 
consideration the following circumstances . 


It has already been mentioned that for correct operation of the converter it is necessary for the voltage across 
capacitor C to be at the instant of the zero detector operation equal to U,. If the value of U, suddenly changes the 
voltage across the capacitpr cannot follow it instantaneously. 


Capacitor C gradually charges up to the new value of U, over the circuit consisting of R-C, the space between 
the grid and cathode of the conducting tube. However, the charging time of the capacitor C does not only depend on 
the time constant of this circuit. The charging of capacitor C only takes place during that part of the conversion cy- 
cle when diode D is blocked. During that part of the cycle when diode D is conducting ,the capacitor discharges 
through the diode. In a steady-state condition this discharge is very small; however, the discharging of capacitor C 
during a certain part of each cycle may considerably affect tne time required for the voltage across the capacitor to 
follow variations in U,. This effect becomes, if the remaining conditions are unchanged, more pronounced at higher 
frequencies, when the diode conducts during a larger relative part of the conversion cycle than at lower frequencies 
(for the same duration t, of the reference voltage). 


As the result of this phenomenon a sudden rise in U, will be followed by a gradual increase of the converter 
readings up to a steady-state value. 


In some of the converter circuits the reference voltage U,, is fed from the SG generator to the zero detector 
through dividing capacitors Cy. In such cases the level of the reference voltage fed to the zero detectoe is determined 
with respect to ground by an additional potential divider connected on the other side of capacitor C q’ Lhe diode cath- 
ode is then connected to the midpoint of the divider. 


It has already been mentioned that for a certain part of the conversion cycle current i flows in the diode circuit 
of the zero detector (Fig. 4). This current, which depends on voltage Ux provides an additional voltage drop across 
the lower arm of the potential divider, thus causing a difference in the reference voltage level fed to the zero detec- 
tor®. 
The circuit must be arranged in such a manner that variations in the value of U, should produce equal changes 
due to current i in the levels of the reference voltages fed to both the zero detectors, It is known that in a circuit 
with two zero detectors small variations in the reference voltage level do not affect the operation of the converter. 


However, it should be remembered that the latter assertion only holds when the level variation process has been 
completed. If the reference voltage level varies during the conversion cycle, then obviously the readings will aiso 
change. Immediately following a jump in the value of U, the variation in current i will produce a smooth change 
in the reference voltage level (owing to the presence of capacitors Cg). Hence, the operation of zero detector ZD, 
will correspond to a certain level and that of ZD, to another level of the reference voltage. For instance, when a 
sudden increase in U, produces a gradual rise in the reference voltage level, the converter readings will first exceed 
the steady-state value, but after decreasing gradually they will attain that value. 


The two phenomenon we have analyzed, namely the variations in the charging of capacitors C and C,, affect 
the converter readings during their transition period in a different manner. Owing to the variations in the charge of 
capacitor C the readings will at first be smaller than their steady-state value, whereas owing to the same effect in 
capacitor Cg they will be larger than that value. 


In many instances the transient period in the-converters may have a decisive effect. This period should be con- 
sidered as one of the important converter characteristics. 


* Although current i has a pulsed characteristic, it causes a steady shange in the level of the reference voltage, owing 
to the presence of capacitors Cy. 


| 
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In theory the technique of measuring the transient period in converters is fairly simple. It is only necessary to 
measure the time which elapses between the instant of the jump in the value of voltage Uy and the instant the time 
interval meter operates. This technique can be easily achieved if there is a device for registering with respect to time 
the readings of the counter. Such devices are rather complicated and are not as yet in general use. However, the 

transient period in the readout can be determined without such a recording device by means of an artificial technique. 


Between the VTI converter and the TI meter a scaling circuit with an adjustable scaling factor is connected. 
An operating condition of the TI meter is established for which it registers only one (the first) pair of pulses fed to it, 
and retains the (single) reading thus obtained on the counter for any length of time, until the counter is restored man- 
ually. Before the testing begins the required scaling factor is set in the scaling circuit and it is blocked. When the 
converter is connected its pulses do not reach the input of the TI meter, since the scaling circuit is blocked. Simul- 
taneously with a jump in the voltage U, the scaling circuit is opened. If its scaling factor is equal to n, the input of 
the TI meter will receive thenth pulse of zero detector ZD,, thus measuring time interval ty for the nth transfor- 
mation period, By setting the vaiues of n=1, n=2,n =3, etc., and repeating every time the same sudden variation 
of voltage U,, it is possible to obtain converter readings at the 1st, 2nd, etc. conversion periods before a steady-state 


condition is reached. From the knowledge of the conversion frequency it is possible to determine approximately the 
transient period of the readout. 


The evaluation of random errors in converting voltage into a digital form is of great practical interest. These 
errors are due to two factors, the internal noise of the converter and the lack of synchronism between the VTI output 
pulses and the reference frequency pulses, In the absence of any internal noise or when it is insignificant, random er- 
ros can be evaluated satisfactorily by calculating the readings’ dispersion, whose values is given above for the condi- 


tion of ty = const, If the internal noise produces a noticeable effect, random errors should be evaluated experiment- 
ally. 


The technique of determining random errors in the voltage to time interval 
converter is theoretically different from the normal method of determining ran- 


“4 “Spa dom errors in measuring instruments. For each value of voltage U, a sufficient- 
pe 46 "a ly large number of the counter readings are taken. If the readings are observed 
bs (ona Spa visually the sawtooth should be operated for one voltage ramp at a time, or the 
= counter set in an operating condition which would provide readings at sufficiently 
3 | \, widely spaced intervals, for instance, once in every 3-5 sec. 

150 

a. By processing the measurement results it is possible to determine for each 
I value of U, the dispersion in readings which characterizes the random errors. In 
ra the case of small internal noise in the VTI converter the dispersion will vary in 


Pig. 5. measuring U, within the limits of a quarter of a unit of the smallest order read 


by the instrument (see above), 


The intemal noise of the VTI converter can be determined in the following manner. The values of voltage U, 
are set at small intervals, for instance, corresponding to 0.1-0.2 of a unit of the smallest order read on the counter. 
The total range of variations in U, should amount to not less than 1.5 units of the lowest order on the instrument. 

For each setting of U, repeated readings are taken and for each of its values dispersions in the readings are calculated. 
If the effect of internal noise is not predominant the values of dispersion corresponding to various values U, will vary. 
The curve showing the relation between dispersions and U, will have a minimum at the value of U, corresponding to 


the condition t, pp, = Ny Ts. This minimum value of dispersion is the approximate measure of the internal noise of an 
VTI converter. 


The number of readings registered in these experiments or the accuracy in evaluating the internal noise disper - 
sion is determined according to certain rules on the basis of given values of the confidence interval and the confidence 
probability [3]. 


The above technique of an experimental investigation of voltage to time interval converters was used in devel- 
oping a converter in the range of 1 to 10 v with a time interval of 1 sec and a referred error not exceeding 0.1%, 


In the course of this work, as has already been mentioned, it was established that the error in using a TI meter 
with a three-figure readout for determining various systematic errors and the instability with time of converter did 


not exceed 0.01-0.02%, The square root of the internal noise dispersion amounted in these measurements to about 
0.02%, 
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Investigations have also shown that for the operation of the converter with the above characteristics in the fre- 
quency range of 40-320 cps,resistance R (Fig. 4) must have a value in the range of 200-50 kiloohm for a scale non- 
linearity of 0.02-0.05%, The readout transition period due to the slow charging of capacitor C amounted to two con- 
version cycles (50 # sec) at a frequency of 40 cps and to about four conversion cycles (120 y sec) at a frequency of 
320 cps. 


S. V. Rypalev participated in this work. 
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TRANSISTORIZED STABILIZERS FOR FEEDING TESTING INSTALLATIONS 


Translated from Izmeritel'naya Tekhnika, No. 4, 
p. 27, April, 1961 


Note to the article by S, D, Dodik and M, I, Levin. 
In the schematic of the stabilizer (Measurement Techniques, No. 3, 1961, bottom of page 29) the collector of 


transistor Ty has been demoted as the emitter, and vice versa. The choke L should in fact be connected to the col- 
lector of T,, and the emitter of Ty should be connected to the negative side of the output voltage. 


HIGH-SPEED ELECTROMECHANICAL DIGITAL VOLTMETER 


V. M. Shiyandin 


Translated from Izmeritel'naya Tekhnika, No. 4, 
pp. 27-29, April, 1961 


The known electromechanical voltmeters with a digital display used for measuring direct voltages are based 
on a compensation circuit whose balancing is achieved during measurements by the control unit which switches in 
consecutively (samples) the resistors in the circuit. This is done by means of commutating elements consisting of 
motors, step-by-step switches or relay circuits, programmed by means of a step-by-step switch. In the balancing pro- 
cess the difference U,-U, between the measured and compensating voltages is decreased in consecutive steps to a 
predetermined procedure, until it attains a value smaller than the minimum calibration of the instrument. 


The characteristic of the voltmeter here described consists in the absence of the consecutive comparison (sam- 
pling) of the measured voltage, with the voltage drop across individual resistors in the compensation circuit, i. €., a 
complete elimination of a long balancing process characteristic of normal instruments. Each voltmeter decade regis- 
ters approximately the absolute value of the U, voltage applied to it, compares it with the corresponding value of 
the reference voltage, and obtains the difference U,-U,. The absolute value of this difference is approximately reg- 
istered by the next decade and compared with the corresponding value of the reference voltage of that decade, etc. 
The main advantage of the above voltmeter consists in its high-speed operation and the easy requirements with re- 
spect to the adjustment of the decade comparing elements. 


b 


pro 


The voltmeter should consist of a source of reference voltages and of decades which are identical in construction 
and whose number is equal to the number of readout figures. Figure 1 shows part of the first decade in the initial state 
before commencing measurement. At this instant the zero readout lamp L(, is alight. When the starting push-button 
SP is operated the measured voltage U, is fed to the input of the cathode follower CF, and then simultaneously to all 
the relaxation relays P0;,P1, .. . . P10; (of the type of driven transistor multivibrators with one stable position). 
Relay PQ, is tuned to operate at Ux which is equal to or larger than the voltage corresponding to the smallest readout 
figure (minimum calibration) of the voltmeter. It operates and closes contacts 1KP0, and 2KP0, locking itself across 
the last contact. Relays P1,. . . P10; are tuned to operate for the values of U, equal to 10, 20,. . . 100 v,respec- 
tively (for the voltmeter top measuring limit of 100 v), with a negative tolerance whose absolute value, as it will be 
shown later, is not critical. 


To the next decade 
CF 


Compensation circuit decade 


+ 


To the next decade 


Fig. 1. 


If Ux, < 10 v, none of the relays P (with the exception of P0) will operate, and the voltage U, will be fed to 
the next decade. If U, > 10v, all the P relays whose operating level is below U, will operate simultaneously. How- 
ever, they will immediately deenergize with the exception of the highest figure relay (and relay P0,), since each 
higher figure relay disconnects by its contacts(2KP1, 2KP2..... ) the supply to the relays of lower figures, If U,> 
100 v relay P10; will operate and connect the signal lamp inscribed "U, > 100v," Let us assume that U, = 32.5 v, 
and that relay P3; has operated. It locks itself over contact 1KP3, and connects U, by means of contact 3KP3 for 
comparison with the 30 v reference voltages which is obtained from a resistance decade Rly, . . .R10; (it is shown in 
a simplified manner on the drawing) of the compensation circuit. Simultaneously !amp LO, of the display device is 
extinguished and lamp L3, lights, and the difference U x Uk = 2.5v is fed to the next decade which works in a similar 
manner. 


In order to relax the requirements for the stability of the relaxation way level of operation, additional relays 
Al, ...A10 have been connected to the decade, If a main relay P (with a negative tolerance) operates at Uy which 
is smaller than the nominal level for this step, for instance, at U, = 28.5 v in the above example, the negative dif- 
ference U, -U), will operate auxiliary relay BP , whose operating level should be an order below the minimum volt - 
meter calibration so as to provide the required accuracy. Thus relay locks itself on operation, and through its KBP 
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contact connects the negative polarity lead to the additional relay windings. It will be seen from the circuit that if 
relay P3, operated incorrectly, its contact 2KP3 is moved to the upper position, connecting the anode supply to the 

winding of relay A3, and simultaneously disconnecting the supply from the windings of the lower figure additional re- 
lays (A2, and Al,). Thus, in this case only relay A3, will operate, lock itself through its contact 3KA3, disconnecting 
the current at the same time from relay P3,, disconnect by means of contact 2KA3 the circuit of relay AQ winding in 
order to prevent the possibility of its operation, and through its contact 1KA3 prepare the operation of relay P 2 ( this 

is necessary for a more reliable operation), When relay P3, releases, its contact 2KP3 is moved to the lower position, 
operating relay P2,. Thus, the difference U,-U) = 28,5-20 = 8.5 v will again become positive and will be fed to the 


next decade. 


The schematic of the described three-figure digital voltmeter for measuring direct voltages in the range 
of 0-100 v is shown in Fig. 2. Its source of reference voltage consists of a compensation circuit with a varying opera- 
ting current fed from a stabilized voltage source Fy, The resistances of this circuit are chosen in such a manner that 
when the contacts of one of the relays in the first decade are closed the total current in the circuit and hence the cor- 
responding compensating voltage U,, will change to the required amount between 0 and 100% of the full scale in steps 
to 10%, The switching-in of any of the resistances of the second decade provides an additional, lower by one order 

of magnitude, increase in U, owing to a corresponding rise in the total current. The switching in of any of the resis- 
tors in the third decade will produce an additional, rise in U, lower by two orders of magnitude. Relays P02 and POs 
are adjusted in a similar manner to relay P0;. Relays Plg,. . .P9, of the second decade are adjusted to operating volt- 
ages of 1,2,. . . .9 v, respectively. Relays py3,. . .P9s of the third decade are adjusted to operating voltages of 0.1, 
. . .0.9v,respectively. Contacts 2KP0, and 2KP0s; in the circuits of the auxiliary relays BP, and BP, are disconnected 
one after the other by the operation of relays PO, and PQs of the second and third decades respectively in order to pre- 
vent possible false operations of the auxiliary relays when the sign of the difference U,-U), changes during the mea- 
suring process, 


When the second decade is connected, contact 3KP0, disconnects from ground the first decade in order to raise 
the input resistance of the voltmeter during measurement. In testing this circuit a cathode follower and relay BPs 
with a total equivalent resistance of the order of 0.25 meg were used. The total input resistance of the voltmeter at 
the time of measurement amounted to 2.5 meg/v. The entire circuit is returned to its initial condition by discon- 
necting its anode supplies by means of the release push-button RP, All the significant figures in the display are then 
replaced by Zeros. 
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Since all the voltmeter decades are theoretically the same, the maximum time for one measurement is deter - 
mined by the number of readout digits multiplied by the total operating time of relays P, BP and A on one decade, 
On the basis of the worst possible case (incorrect operation of the relation relay at the beginning of measurements 


when the value of U, is near the voltage of one of the compensation circuit steps) the operation time of the above 
relays in one decade can be determined from the formula 


tdec = 2topP + trIP + topBP + topA. 


If we assume that on an average for modern dc miniature relays each of the time intervals of this sum does not 


exceed 20 msec, the total operating time per voltmeter figure, which is easily attainable in practice, will amount to 
0.1 sec, 


Conclusions, A method for raising the operating speed of dc digital voltmeters using contact elements is sugges- 
ted and a schematic for a high-speed digital voltmeter supplied. 


The peculiarities of the above instrument consist of combining the relaxation relays (dc amplitude analyzers) 


with the compensating part of the voltmeter and in a special circuit for eliminating the possibility of an incorrect 
operation of a relay. 


If the required elements are added to the above circuit it is possible to make a multirange voltmeter with an 
automatic inducation of the polarity of the measured voltage, Difficulties may arise in adjusting the relaxation re- 
lays to low voltage operating levels. In this case the circuit may be supplemented by an additional amplifier with a 
gain of 10, and a negative feedback large enough to make the total effect of the zero drift and gain instability smaller 
than the minimum calibration of the instrument. 


PHOTOELECTRIC BRIDGE 


I. G. Gutovskii 


Translated from Izmeritel'naya Tekhnika, No, 4, 
pp. 30-34, April, 1961 


This article deals with the theory of a photoelectric bridge, one of the basic units in measuring devices which 
are based on the conversion of the measured value successively into modulated luminous flux and a voltage or a cur- 
rent. Such devices include photoelectric amplifiers and compensators [1, 2, 3], photoelectric fluxmeters [4] and a 
number of similar instruments. Below we have generalized the results of preceding work [1, 2, 3] and derived rela- 
tionships for computing a bridge with a smaller number of simplifying assumptions and taking into account its dyna- 
mic operating condition. 


The schematic of the bridge and the optical system of the two basic types, with vacuum photocells PC and with 
differential photovaristors PV are given in Figs, 1 and 2, The bridge serves to convert displacement of the light spot, 
the image of diaphragm D, into a voltage or a current. The displacement of the spot is provided by the rotation of a 
mirror connected to a transducer using the bridge. Often such a transducer consists of a galvanometer G. In the latter 
case the galvanometer, optical system and the photocell bridge from a so-called photoelectrical optical amplifier 
(PEOA) [1,2]. The optical system consists of an illuminator L, condensor C, objective O and an optical wedge, a 
prism P (Fig. 1), or a mask (Fig. 2), The photovaristors (Fig. 2) are designed as part of the bridge, the spaces between 
electrodes 1-3 and 2-3 form the two arms of a bridge, and electrode 3 is joined to its diagonal. Image 5 of diaphragm 
D shines on the parts of photovaristors which are not covered by mask 4, thus providing a variation in the resistance 
of the bridge according to its illumination. 


Having in mind designs using two simple photocells and striving to make the theory as general as possible, we 
shall consider each interlectrode resistor of the differential photovaristor as a separate photoelectric resistor. 
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It is normally considered (compare with [2]) that the electrodes (for instance, 1 and 3 in Fig. 2) are in contact 


with each other through conducting strips, one of which is shaded (with a conductivity of Op m) and the other illumi- 
nated (with a greater conductivity of Ogn), The strips are connected in parallel so that their total conductivity is 

© = Oop + Omm with the width of the illuminated strip in each element varying, when the light flux is redistributed, 
in the opposite direction to that in the other element. However, since the illuminated section can be considered as a 
parallel connection of two strips of equal width, one of them shaded with a conductivity of 0,,,, and the other illum- 
inated by a variable portion of the luminous flux and having a conductivity of 9, i. e., Om = % + Spm, the full con- 
ductivity of the interelectrode space can be represented as a sum of the shaded conductivity 0, = Omm + Sm Of the 


Fig. 


Pe 

fy fy 

+ 

~ 


whole surface of the interelectrode space, which does not depend 
on the position of the light beam, or as a variable conductivity 99. 
i. €, as O= + Or. The use of Op instead of Og, makes the 
bridge formula more convenient for analysis. 


It follows from Fig. 3, which shows the relation of the photo- 
varistors’ conductivity to the luminous flux f at a constant voltage 
(Us > U, > U4), that it is advisable to take the shaded conductivity 
as oO. which has a certain illumination f, inevitable in practice or 
deliberately introduced, In future we shall denote 0, and o.. 


The above considerations, Ohm's law and the relation be- 
tween illumination and luminous flux show that 0, of the photo- 
varistors depends on the total value of the variable luminous flux 
independently of the width of the light spot. 


Below we examine photovaristors with characteristics appro - 
aching linearity as in the case of cadmium-sulphide photovaristors 
(Fig. 3) and antimonous- cesium vacuum photocells (Fig. 4). 


Let us include in the bridge a stabilizing network Ry Cy and 
the input tube of an electron amplifier. Let us consider as the out- 
put quantity the unbalanced voltage which is equal to the ac poten- 
tial on the grid of the tube due to the redistribution of the lumin- 
ous flux, 


Basic bridge equations. For the purpose of theoretical anal- 
ysis it is convenient to consider a photoelectric bridge as an emf 
generator whose lead consists of a diagonal circuit. In order to 
produce such an equivalent circuit, let us first derive the relations 
between the basic bridge parameters without considering the speci - 
fic loading of the bridge, and limit our consideration to a series 
circuit of two photocells, considereing the potentials across these 
cells as given. Moreover, frorn the start we shall assume a dynamic 
condition, and a stable state condition as the limiting case. 


Vacuum photocell bridge. We shall neglect the self-capac- 
ity of the photocells, In the saturated position, which is recom- 
mended for use in brodges of this type [5], the working part (to the 
right of the inflection) of the voltampere characteristic of a photo- 
cell (Fig. 4, fos > foz > fox. fos - foz = 2-1; for comparison purposes 
the photovaristor characteristics are given for the same illumina- 
tions) is very close to a straight line. 


Let j = 1.2 be the photocell number, and i,, F and fj be the 
current, voltage and luminous flux related to it. Then having se- 
lected an optimum operating condition for v; = vj» and fj = fi, 
the operation of a photocell can be represented by an expansion 
into a series. 
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di 


Here ijp is the nonlinear and by definition small part of the constant (see also Fig. 4). 
oy oy (b 


represents a differential (dynamic) conductance and sensitivity of a photocell in a chosen operating condition. Let us 
now examine the combined operation of two photocells, 


if we assume that U=const is the bridge supply voltage, and F = const is the total luminous flux incident to the 
photocells, then vy + v,= U, and f, +f, = F, and assuming that v,, = U/2, and f, =F/2, the operation of the circuit can 


be represented by the graph shown in Fig. 5°, and a system of equations based on this graph and the above expansion 
into a series, Namely: 


lan (2) 
+0, 


Here v is the voltage across the diagonal, and vp is the potential with respect to which the points of the bridge supply 
potentials are equal to each other in their absolute values. lin = ijp + LiKe where 


4 2° 


is the photocell constant obtained by linear extrapolation (at the point where vj, =U/2, f jg = F/2) of the values of 
function i; up to the point v; = 0, fj =r, 


Let us also note that f, = f+ N, Sanf f= & -N, 9, where fi and f§ are the values of luminous fluxes which deter - 
mine the voltage in the née 5 diagonal corresponding to the initial ("zero") reading, and 9 is the angle of rotation 
of the mirror. Hence f,-f, =f, - + Ng) 


If we introduce the notation 


i=mi,—i,, N=N,+N,, f=NO, 


= 01405 Ao=0,—0,, 
we shall obtain from (1) - (3) | 
i=—ov+af+i(F, U), 4 


5 
KF, Uy= (ba + + +.004) (5) 


It will be seen from (5) that by adjusting the luminous flux f, and voltage vp within a limited range it is poss- 
ible to compensate the bridge imbalance due to the lack of identity in the photocells. The extent to which it is pos- 
sible to consider (5) as an interference 


(6) 


*In Fig. 5 the values under the brackets represent the voltage drops across the corresponding photocells, whereas, the 
remaining notations represent potentials with respect to the grounded end of the bridge diagonal. 
T Both currentsij, and ijp aresmall. Infact, for vj = 0, but with f; +0 we shall obtain a value approaching a shaded cur - 
rent 
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Equation (6) can also be arrived at by idealizing the working conditions of photocells [i, ,= ip, = 9, vo= 0, 0, = 03, 
Oy = O, f, = 0, compare with (4),(5)}. In a stable-state condition (i = 0 for I = 0) 


(1) 
ul (8) 

A=aQ 

where @ is the angular width of the light spot with respect to the illuminator. We always have f/9=F/@=N, The 


dimensions of the quantities given in (8) are: 
a=10~ amp/lu, p 10° ohm, F®10™ lu. 
Photovaristor bridge. Let us now examine a photovaristor bridge with a diaphragm and a mask of a simple type, 


without a grid (Fig. 2). With the assumptions made in the previous section and by using Fig. 4 and by analogy with 
Fig. 5 we obtain for the photovaristors with an additional shaded conductivity ©,,; and an additional conductivity w; 


per unit of luminous flux the equations: 


(9) 
(10) 


(Can Alin 


whence with the help of (3), the relation U = vy + vz and the notations: 


= @,—@,, @=@,4+ Om= Tm +O ms, 80 mi —O mr? 


we obtain: 
ont ot so 
gules (11) 
KU, F)=( >) +5 ( (12) 
) 


Formulas (11) and (12) are similar to(4) and (5). Considering that a partial compensation of errors in (12) is possible 
by varying vp and f, and neglecting the small terms 4 Aw vf and ijn lon We shall obtain (6) if we assume that 


ll 2 (13) 
(14) 
et 


Thus, the basic equations of bridges with photocells and photovaristors are the same if they are presented in the form 
(6). 
Coefficient A for photovaristors [compare with (7) and (8) ] have the form: 


i+ Fo F o 


For cadmium-sulfite photovaristors 20, #10~° ohm ed w #3-107 amp/lu -v and normally F ~107 lu, 
hence 20., /F w << 1 (compare with [2]). In photovaristors of other types this ratio can be nearer unity. 


Equivalent circuit of a photoelectric bridge and its transfer function. It follows from the preceding that differ - 
ent types of bridges can be represented by the same equation. Let us derive such a generalized equation for a bridge 
in a dynamic operating condition with its loading taken into account. 


By detonating a pfby Er, it is possible to represent (6) in the form: 


gi=E,s—v 


= 
2 


Let us account for the grid current at the amplifier input. For this purpose let us use the linearization of the grid 
characteristic (Fig. 6): 


Ego—v. (17) 
The actual characteristics is also accounted for if we replace Ege = igety by Ey =(igg + Aig)r,, where Aly is the 
difference between the ordinates of the actual and the linearized characteristics, Equations (16) and (17) make it pos- 
sible to represent the bridge by an equivalent circuit in which network Ry C,, represents the load of two parallel emfs 
with internal resistances of p and tg. Figure 7 transforms the cireuit to one source of emf 


E =~ (Ey (18) 


with an additional resistance of 


(19) 


Sige or (ig + Mig) p can be considered as an interference. Considering the above, circuit in Fig. 7 can be repre- 


sented by a system of equations which is reduced after excluding currents to a single equation (given in an operational 
form) : 


n+l E+1 (29 


n=, 


T = RyC;,. where Ry is the leakage resistance of capacitor C,. 


It will be seen from (20) that the presence of a grid current and leakage reduces the time constant and the gain 


of the circuit. It is necessary to meet the relations ty >> p andR, >>(p+R,). If these relations are met, equation 
(20) is reduced to 


t,5+1 (21) 
+1 


v=ag 


an operator which is used in[6}. This also provides a justification for the 
use of equation (16) in representing the bridge. 


Comparative characteristics of different type bridges and their op- 
erating conditions. Let us note the peculiarities of bridges with photo- 
cells and photovaristors, The most important of them consist of sensiti - 
vity, proportional illumination, small nonlinear distortions and strict re- 
quirements with respect to leakage resistances in the case of photocell 
bridges; and an inappreciably smaller sensitivity [with respect to U/2: 
Vmax ©/ ®max» Which follows from (15) and (8) }, which is proportional 

to supply voltage U (15), the existence of unavoidable [for Aw #0 (11) ) 
% nonlinear distortions, but considerably less stringent requirements with 
respect to leakage resistances and the grid current in the case of photo- 
varistor bridges (19) and (20). In addition we should consider factors not 
covered by the above theory, namely, the higher noise level and inertia 
etgp- of photovaristors, The first property limits the bridge sensitivity and the 
yo second the accuracy of its operation in a dynamic condition. 


4 lars Ath Depending on the value of the parameters and conditions of mea- 
— “tes a surement, the bridges have to operate under different conditions. It fol- 
lows from the physical meaning of (16) and Fig. 7 (an emf source with 
Fig. 6. a load) that for R, << pvoltage v is affected to a great extent by the 


degree to which the transient process has been completed and v is only 
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approximately proportional to E¢ (and hence to f and 9) in a stable-state condition (first condition). At the beginning 


of the transient process E¢ is proportional to current i (second, transient condition). If R, >> p, then v is proportional 
to E¢ practically at any time (third condition). The first and third conditions are used in the majority of photoelec- 


tric fluxmeters and photoelectric amplifiers and compensators( Ts; << T,. where T, 
is the time interval required for measurements), the second condition is used in the 
Kapitsa circuit(5](7 3 >> T,). The graph in Fig. 5 represents the second condition. 
In the remaining conditions the points on the curve with abscissas v coincide with 
sufficient accuracy with the curves’ intersection point P, wheni, *ig. 


The above formulas hold if the photocells are shunted by ohmic resistances. 
The only difference this shunting produces consists in the fact that the graphs and 
corresponding parameters which are similar to those given above, instead of referring 
to the photocells alone, apply to their combination with the parallel resistors. 


In analyzing vacuum photocell bridges in a more complete manner it is nece- 
ssary to consider the input capacitance of the electronic amplifier. 


The sensitivity of the bridge can be raised considerably by using grid dia- 
phragms and masks [1)}, (2). 


In such a version of the instrument the proportion of the luminous flux which 


varies with the rotation of the mirror is raised, thus raising, for the same total angular width Gof the illuminated pho - 
tovaristor portion, the conversion factor A proportionately to the number n of slots in the diaphragm [in (15) a multi- 


plier n is introduced}. It can be easily shown that thenumber of slots must satisfy the inequality 


where $,yax corresponds approximately to the maximum value of the measured quantity or the maximum rate of 


8 


in 7 ?? (22) 


its measurement (in integrating instruments without a feedback), and 9, corresponds to an interference level permis- 
sible fora given accuracy, including the noise level and the level of amplitude distortions®. The latter may be due 


to the light beam defraction by the mirror and the gridnonlinearity caused by term A w vf (11). 


Conclusions. The basic result of this work consists in a rigorously derived equation for a bridge with photoele- 
ments working in a dynamic condition (21) and in derived relations [formulas (4) (8), (11)- (15) and (18) - (20) }, 
which provided a more detailed analysis than hitherto of various bridge designs, as well as facilities for their compu- 


It follows from formulas (5) and (12) that it is possible by means of appropriate adjustments to reduce the ef- 
fect of the supply voltage and illumination on the position of the “zero,” 


The above theory brings to light the peculiarities of different types of bridges and their operating conditions. 


The applicability range of the above theory is determined by the requirements of the small inertial and the 
quasilinear characteristic of the photoelements. 
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* It is impossible to derive in this article a more accurate relationship, since the theory required for this purpose 


would include that of the instrument in which the bridge is used. 
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HIGH AND ULTRAHIGH FREQUENCY MEASUREMENTS 


ERRORS IN MEASURING THE REFLECTION COEFFICIENT 
OF GROUND 


A. A. Kotovich 


Translated from Izmeritel'naya Tekhnika, No. 4, 
pp. 34-37 


For measurements at 25-400 Mc,field-strength measuring sets are placed in a standard field provided by a dipole 
suspended over the surface of the earth. The field strength can be determined from the formula: 


(1) 


onl = ly 


where lEon | is the effective value of the field strength, due to a horizontal dipole in the equatorial plane, taken in a 
direction normal to the dipole of a distance from its middle of d = 2p, v/m; I is the effective value of current, amp; 
1, is the effective antenna length, m;R_ is the complex reflection factor from ground; p is the wavelength, m; 


and 1, are the distances covered by the direct and reflected rays, m; 6 are the terms of the equation, which canbe 
neglected as compared with the first terms. 


In (1) the first term corresponds to the direct wave, the second to the reflected wave. Since the reflection fac- 


tor changes depending on the type and condition of the soil, the resultant field strength can be calculated if the 
ground reflection factor is known. 


In the present article the errors in determining the ground reflection coefficient are examined. 


The complex reflection factor in a general case is represented in the form: 
— (2) 
R=|R|e~” 


In the frequency range under consideration angle © of the reflection factor approaches 180° for a horizontal 


polarization, since the earth conductance currents are considerably smaller than the displacement currents (0 << €'w 
{1]). Hence: 


R (3) 


The reflection coefficient can be determined from relative field measurements in the vertical plane similar to 
the measurements of standing waves in measuring lines, The generator consists of a transmitting dipole, the probe 
of the receiving dipole fixed to a moving carriage, and the load consists of the ground [2]. 


The device consists of a vertical wooden mast on which the transmitting and receiving diploes are mounted 
parallel to each other. The transmitting dipole is mounted at the top of the mast in a fixed position at height h, from 
the ground, and the receiving dipole is moved between the ground and the transmitting dipole, its height is denoted 
by hg. In this case distances ry = hy-h, and ry= hy +h,, and equation (1) assumes the form: 


| 1 | (4) 


It will be seen from (4) that at the points corresponding to 4.@ hy fp + © =2 an (where n=1,2,3, , .) the field 
strength will have its maximum values |E,,, imax. and at the points 4" hp/p + ©= An-1) # it will have its minimum 
values The ratio of |F,, lmax/| Eon! min the value of the standing wave ratio: 
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k= lEon max) + hymax) 
lEon nin Ir | 


Solving (5) with respect to IR |, we obtain: 


1 
IR |= min hy—h, max (8) 


Ay +Ngmin hy +hy max 


It will be seen from (6) that the value of the ground reflection factor can be determined if heights hyyjay and 
hemin are known as well as the corresponding field strengths | Eon hnax 494 | Fon bnin- 


On the basis of the duality theory we can write: 


| Eon | = |. 


Here \Eoa | is the field strength determined by the reference antenna method 


| Eon | = le’ (7) 


where e is the emf induced in the receiving dipole, and 1, is the effective antenna length. 


Hence 


_ max _ ¢max 
om 


| Eon | min [Eos | min 


In an actual dipole loaded by impedance 2; we do not measure the emf e but the voltage u, across the above 


load. 


Therefore : 


“Umax 
Ree (144), 
“min (9) 


where A is the systematic relative error whose value depends on the measuring conditions. 


By substituting k in (6) with its value obtained from (9) we have: 


4e e min 
(4,;— hs may (10) 


Ye min 14d 


IR| = 


Let us determine the conditions for which A << 1, 


For this purpose let us examine our system, consisting of the transmitting and receiving dipoles placed above 
the actual ground, as if it were a quadripole (see Fig.). Here 1, 2 are the radiating dipole and its mirror image, and 


3, 4 are the receiving dipole and its mirror image. 


Let us derive an equation for the currents and voltages. 


Con=/, 242) +4, 214) (11) 


~ 


ve 
and 


where €o, is the emf in the transmitting dipole; 1, is the current in the transmitting dipole; ly is the current in the 


receiving dipole, 2, is the self-impedance of the dipoles; and z,,,, is the mutual impedence of the dipoles. 


By solving (11) with respect to current Is and assuming that the current distribution in the dipoles is sinusoidal, 
we obtain: 


z 
(12) 


During measurements, impedance Zz) is connected to the circuit of the receiving dipole, hence the total impe- 
dance of the dipole will be 2) + Zg3 -|R zs, and the current in the receiving dipole will be: 


(13) 
The emf induced in the receiving dipole is: 


e=/, (2 (14) 


The voltage across the load impedance 2 is 


(15) 


By inserting in (9) the values obtained for e and wy from (13),(14) and (15), and solving it with respect to A, 
we obtain 


The numerator in (16) increases with an increasing | Ri and a decreasing height of the receiving dipole above 
ground. 


The value of the denominator depends on the sum |; + 23 -|R\Zs4min | Hence, 
the error A rises with a decreasing height, and its absolute value will grow with an 


increasing and a decreasing sum of + - iR \Zsamin | 
| bd | Calculating show that in the case of a half-wave dipole and 1Z,| ® | Zs3 | the er- 
ror & If |Z; [>>| Z3| then A << 0.005 (moreover, hy < 0.5 A and |R| 0.8). 


| e Experimental checks have confirmed the calculations within the limits of ac - 


curacy of measurement (Table 1). 


From the above data it will be seen that the systematic error examined by us 
| < can be reduced to a negligible value if measurements are made with the dipole which 
& has >>| and hg 0.5 A. 


V7 1? poe 7 In this case the error in measuring the ground reflection coefficient will only 
| 2 & be determined by random errors in measuring the quantities in (10). 


where €) is the minimum error of 1.5% in measuring the standing wave factor k, and 


~>— & hemax’ Ehemin 27¢ the maximum random errors of 1 % in measuring the heights 
2 4 hemax and hemin respectively. 


(16) | 
4 
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The partial errors comprised in (17) increase with the height h, of the dipole, since the different hy -he max and 


hy -herpin Which are included in (10) will then decrease, but the absolute value of random errors & hema, and € tei, 
will remain the same. 


TABLE 1 | TABLE 2 


Permax 4, he max'™) 


Pemint lation hmin(™) 


0.5/1 8,2 f = 150 Mc hy = 10.7 m 
1.5/1 2.6 =] Ep. f = 150 Mc 
1.5/2 1.2 IR] ~0.64 & 


The error in determining the reflection coefficient also grows as its value decreases, since the partial error 
(8R/OK) &) grows with a decreasing k. 


Hence, the random error in determining | R| grows with an increasing height of the receiving dipole and de- 
creasing reflection factor. 


Table 2 shows the calculation results of the errors for two values of | R|=0.8 and | R]=0.2 for a varying dipole 
height of 0.5) <m¢3 A. 


TABLE 3 It will be seen from Table 2 that the error ER in 
the above cases may amount to 17%, 
be max(™) 


be ™) 


Rhy Rls It follows from the above that the upward and down- 


ward movement of the adjustable dipole must be limited. 
2.5/3 0.713 0.223 The upward movement of the dipole should be limited 
2.5/2 0.701 0.2179 owing to the rise in the relative error of measurement of 
3.5/3 0.726 0.200 the difference hy-hg.,,, and hy-hy,;,,- and its downward 
- movement owing to the increased effect of the dipole 
IR} mm | 0.715 0.219 mirror image field of the dipole itself. Hence, there is 
an optimum position for the dipole, determined by the 


BR. % 2.4 5.7 height hy of the mast and the wavelength at which the 
measurements are made. 


Table 3 gives the results obtained in measuring ground reflection factors taking into account the above conclu- 
sions that }z ;|>>|zs3| and <hy = 2X. 


Conclusions. The ground reflection factor can be determined in the range of 25-400 Mc from relative measure - 
ments of field strength in a vertical plane. 


In order to raise the accuracy of measurements it is necessary that the load impedance of the receiving dipole 
should be considerably larger than its input impedance and that its height should vary in the range of 0.5 Shy =2 


(for hy = const). 
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RADIATION MEASUREMENTS 


TISSUE-EQUIVALAENT DOSIMETER FOR FAST NEUTRONS 


M, F. Yudin and O. A. Filippov 


Translated from Izmeritel'naya Tekhnika, No. 4, 
pp. 37-42, April, 1961 


The object of our work consisted in developing a dosimeter which would measure doses due to fast neutron fluxes 
of a densisty of 20-30 neutrons/cm*-sec and more, and would possess a relation of its readings to the energy of neu- 
trons similar to that of an absorbed dose in a soft tissue to the energy of neutrons irradiating that tissue. 

Among the instruments of this type described in literature, the best characteristics are possessed by tissue -equi - 
valent ionization chambers suggested by Failla and Rossi [1, 2, 3] and Hurst's tissue-equivalent proportional counter 
{4, 5, 6]. The disadvantage of the first type of instrument consists in the difficulty of separating the y -rays from the 


neutron dose; the instruments of the second type do not register protons whose energy is below their discrimination 
level. 


An average soft biological tissue of a compound of (CsHgpOygN),, can be simulated satisfactorily for fast neutrons 
by a material containing by weight approximately 10% of hydrogen and 90% of carbon. This material can be obtained 
by mixing graphite with polythene. 

The tissue-equivalent chamber of our dosimeter were made of a compressed and carefully mixed powder con- 
sisting of 2.4 parts by weight of polythene and one part graphite*. The surface of components after compression 
was homogeneous and smooth, which is important for decreasing the absorption gases on the walls of the chamber. 
The conductivity of this material was found to be good, but the surface conductivity was uneven in different parts of 
the chamber. The calibration of the chamber in a field of Co” y -tays showed that this circumstance did not affect 
appreciably the value of the ionization current. In order to meet the conditions of radiation equilibrium and elimin- 
ate any diffusion of gas through the walls, they were made 5 mm thick and the chambers volume was made equal to 
953 (43) cm®, The central electrode of the chamber was made of the same plastic and mounted in the chamber by 


means of a polystyrol polished insulator, whose leakage currents were negigibly small as compared with the measured 
ionization currents. 


The schematic of the device and the appearance of 
the ionization chamber are shown inFigs, 1 and 2, The body 
of the chamber consists of two parts, These parts are glued 
together with EDs-5 epoxy resin mixed with pure polyamine. 
This mixture polymerizes rapidly at room temperature, The 
same mixture was used for fixing the internal chamber elec- 
trode on its insulator and for mounting the insulator in the 
body of the chamber. 


@120 


We also had the equipment necessary for evacuating 
the chamber, filling it with the required gas composition 
and sealing it off hermetically from the surrounding medium, 


Fig. 1. Electrometer devices, For measuring the ionization 


currents produced by the radiations in the chamber we used 
an electrometric amplifier type EMU -3 and an electrometer dosimeter type DIM, made by the “Etalon” plant. 


In the EMU-3 amplifier we used a type KVM resistor. Resistors of that type are stable with time and their val- 
ue depends very little on temperature or humidity. It is possible to measure by means of EMU-3 instruments fitted 
with such resistor currents as low as 2°10™ amp. In measuring 2-10~ to 3-10" amp the readings of the EMU-3 
set are proportional to the measured current. 


*The tissue-equivalent chamber was made with the assistance of the Institute of Polymerized Plastics (A. V. Golubeva 
and P, P, Novozhilov). 


| 
| 
J 2 
> 
3 


Screen 


64.5%, carbon dioxide 32.5%, nitrogen 3.1%) at pressures up to 760 mm Hg. 


For a more stable operation of the instrument, its input was connected in parallel with a20uu f ceramic conden- 
ser, whose leakage resistance was at least twice as large as the input resistance. The relative error in measuring the 
current by means of the EMU -3 instrument amounted to # (5-8) %, 


When the ionization current is measured by means of the DIM instument the body of the chamber is grounded 
and the positive potential is fed to the internal electrode. When the EMU -3 instrument is used it is necessary to feed 
the negative voltage to the body of the chamber and place the entire chamber in an electrostatic screen. The DIM 
instrument provides a more accurate measurement of the dose than the EMU-3 instrument, but it is not sufficiently 
sensitive, and it can only be used for measuring currents corresponding to the power of an absorbed dose exceeding 
20 p rads/sec. 


To the rectifier 


The relation between the ionization current and the dosage power of y -radiations, as well as the EMU -3 instru - 
ment readings based on these calculations and showing the power of the absorbed dose in  rads/sec, are given in Fig. 
4, In this figure the y -radiation dosage power is plotted along the Y axis, and along the X axis the ionization cur- 
rent due to Co™ y -radiations in the chamber with its center placed on the axis of the y -ray beam at the points whose 
dosage powers are shown on the X axis, The graphs were taken when the chamber was 
filled with the tissue-equivalent gas (curve 1), air (curve 2), and methane (curve 3) 


Fig. 3 


13 
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2 
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Fig. 4. 


In other words, for the same power of an absorbed y -radiation dose in u rads/sec the readings of an instrument 
for a chamber filled with air will be smaller than those for a chamber filled with the tissue-equivalent gas by the 


amount of 8-11%, 


The difference in ionization currents of 10% is due to the different stopping powers of the tissue-equivalent gas 
and air, and differences in the ionization work. 


with pressures up to 760 mmHg at a temperature of t=18°C. 


Figure 5 shows the relation between the dosimeter readings and the power of the 
absorbed dose. The power of the absorbed dose inp rads/sec is plotted along the X 
axis, and along the Y axis the readings of the EMU -3 instrument in volts for the ioni - 
zation chamber filled with the tissue-equivalent gas (curve 1) and air (curve 2), 


It will be seen from Figs. 4 and 5 that when the chamber is placed in a dia- 
phragm -directed beam of Co” y -rays, the ionization current in a chamber filled 
with methane or air is 15-17% and 8-11%,respectively, lower than the current in a 
chamber filled with the tissue- equivalent gas up to the same pressure of 760 mmHg. 


The electrometer device of the DIM instrument is shown schem - 
atically in Fig. 3 and consists of a quadrant electrometer. The stabil- 
izec voltage of 300 v is fed to the chamber through a doubly screened 
coaxial cable. The internal screen is connected to a voltage equal to 
that on the chamber collector electrodes. By means of this electro- 
meter we measured either the voltage across the plates of an amber in- 
sulated capacitor, or the voltage drop across a resistor which passed the 
ionization current. In the first instance the electrometer readings are 
proportional to the total dose, and in the second to the power of the 
dose. 


Investigation of tissue-equivalent ionization chambers. In order to 
establish the situation potential, curves were plotted of the relationship 
between the ionization current and the potential in the chamber for dif- 
ferent dosage powers, For a maximum ionization current of 1.6°10 "ye 
amp the saturation potential amounts to 200 v. The chamber operating 
voltage was set at 300 v, At first the chamber was calibratedinu radsper 
sec when operating with EMU -3 instruments and irradiated with Co” Y- 


rays. 


The calibration was made with the chamber filled with methane, 
air and a tissue-equivalent gas mixture (partial pressures of methane 


Fig. 2. 
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Table 1 shows the relative stopping powers of the tissue-equivalent gas with respect to air and the ionization 
work of electrons [7]. 


The value of S, given in Table 1 for the tissue-equivalent gas, hold if the stopping powers of the gas mixtures 
are additive. 
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Fig. 5. Fig. 6. 


In Fig. 6 are shown the calibration results of a chamber working with a DIM No, 4 instrument in a field of y- 
rays. Along the X axis we have plotted the power of the y -ray dose, and along the Y axis the y -ray dose, i. e., the 
product of the dosage power and time for which the instrument pointer was displaced over scale divisions (from 4 to 
14 “r" scale divisions). A deflection of 10 divisions corresponds to an absorption of a dose of 15.9 mrads, if the 
chamber is filled with the tissue-equivalent gas, and to 15.7 mrads, if the chamber is filled with air, both being at 
the pressure of 760 mmHg and a temperature of 18°C, The calibration of the chamber filled with air and used with 
the DIM instrument was checked for 9 months. Owing to the aging of the chamber itself the calibration changed in 
this period by 10%, leading to an increased sensitivity of y -rays. 


TABLE 1 Computation of the current when the chamber is irra- 
Name of gas Spas diated by neutrons. When the chamber is irradiated by 
— €ey neutrons and y -rays the same ironization current will cor- 
respond to different absorbed energies. 
Air 1.00 34.0 Thus, the same ionization currents produced in an 
CO, 1.52 32.9 air-filled chamber by a y -ray irradiation dose of 1r of by 
Cy 0.82 21.3 a field of rapid neutrons will correspond in the latter case 
Tieee-eunbee- to a larger absorbed energy (amounting to 36/34 of the 
lent gas 1.05 32.3 former) owing to the difference in the ionization work of 


electrons and protons. 


Hence, if the power of the absorbed dose of neutrons 
is expressed in yp rads/sec, the instrument reading corresponding to an absorbed dose of 1 prad /sec will be equal to 


0.97 A, where A is the reading of the same instrument when the chamber is irradiated by y -rays, whose irradiation 
dose is equal to 1pr/sec, 


Before starting the measurements we calculated the ionization current which should be measured in the chamber 
when it is irradiated by neutrons of a Po- & -Be source with a flux density of 100 neutrons/cm*-sec. The calculations 
were made by means of the Bragg-Gray equation [8]: 


P = E,N (1) 


where P is the energy absorbed in 1 second by 1 g of the medium; N is the area of the neutron flux, neutrons/cm’.sec ; 
E,, is the energy of neutrons; nj is the number of i-grade atoms in 1 g of tissue; ©, is the cross section of neutron 
scatter on i-grade atoms; f{E,, is the mean energy of protons formed by collisions with neutrons. 


This relation holds for a monoenergetic neutron flux. For our computations we divided the neutron spectrum 
from the Po-a-Be source [9] into five energy groups and calculated for each group the energy absorbed in the cham- 
ber walls when irradiated by a flux of 100 neutrons/cm*-sec. As an effective radiator mass we took one-third of the 
mass of the tissue-equivalent layer material, whose thickness is equal to the maximum range of recoil protons which 
are formed in scattering the neutrons of the given energy group. As an effective area we took two-thirds of the cham- 
ber cross sectional area. Only a part of the energy P, calculated from (1), will be absorbed by the gas in the chamber. 


The value of this fraction depends on the extent to which the recoil proton paths will fit into the working volume of 
the chamber. 
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Let us now calculate the value of the ionization current when the chamber is filled with methane to a pressure 
of 760 mmHg by using the data in Table 2 for Pas’ which were calculated for a chamber filled with the tissue-equi- 


valent gas. 


The current produced only by e 


It is known that the specific absorbed energy in methane is equal to 0.634 Mev/g: sec per 1 neutron/cm’-sec 


TABLE 2 


Energy of neutrons, E,, Mev 


barn 


n 


Neutron cross section for No 


Number of neutrons of a given energy in the flux 


of 100 neutrons/sec AN 


Mean energy of recoil protons E ,,, Mev 


Tissue proton range R,, mg/cm* 


| 


Total energy transferred by recoil protons knocked 
out of the walls by the neutron flux of 100 neu- 


trons/cm’**sec Py, Mew/sec 


P gas’ 


irradiated by a flux of 100 neutrons/cm 


Portion of the proton energy absorbed by the gas 
Mev/sec 


in the chamber, obtained by accounting for the 
Energy of protons, formed in the chamber walls, 
which is absorbed by the gas in the chamber when 


relations in specific proton energy losses at var- 


ious parts of their path 4 Pn/En 


ar won 


° 
on 


Total 


oO 

| 


radiated by a Po-a-Be source, 


In the effective volume of the chamber with a neutron flux of 100 neutrons/cm’ « sec there will be absorbed 
per second an energy due to the collision of neutrons with the gas nuclei amounting to 


where M is the mass of methane. 


I= 


PCH, 100 = 0.634- 0. 680° 100 = 43 Mev/sec, (3) 


gas 
€ CH, 


Pw 


1.6-107 = 


30 


125 


> 


43 


The computation results and data (10, 11] used in carrying them are shown in Table 2, 


e recoil protons knocked out of the walls is equal to 
39.9 


The ratio of the ionization currents due to the recoil protons knocked out of the walls and those knocked out of 
the gas must be greater than 


=2.9,or <0.34. (4) 


The contribution of the gas to the ionization current will in fact be smaller than 34%, since the portion of the 
paths packed into the chamber is larger for the protons knocked out of the walls than those due to the collision of neu- 
trons with the gas nuclei. If we assume that the current due to other recoil nuclei which constitute the tissue-equiva- 
lent material of the chamber walls and have been knocked out of the walls by neutrons amounts to 10% of the proton 

current, and that the contribution of the gas ionization current amounts to not more than 20% of the current due to 


10° - 1.6- 107=2,1- 10° amp. (2) 


I 


lw 


2 2.9 14,3 2.5 2.5 
4 1.9 31.2 7.5 17.8 0.8 14,2 
6 1.4 31.4 15 39.5 0.35 13.8 
8 Fe 17.1 26 39.0 0.16 6.2 
10 0.94 71.2 39 26.4 0.12 3.2 
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protons produced in the chamber walls, the total ionization current in the chamber filled with methane to 760 mmHg 
and irradiatied by the flux of 100 neutrons/cm’ «sec should not exceed 2.2-10~* .1.30 = 2,76-10 a 


mp. 


As we shall see below, a current of 2.40-10 amp was obtained 
experimentally, i. e., the calculated data agreed with experimental 


23 
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Fig. 7, 


700 


results within 15-20%, 


Neutron flux measurements. At first we plotted the relation 
between the ionization current and the pressure of methane which filled 
the chamber irradiated by a neutron flux of a density of 133 neutrons/ 
cm?.se¢ in the center of the chamber. This relation for a range of 


absorbed dosage powers of 0.2 to 1 prad /sec is shown in Fig. 7. The 


g pressure of methane in the chamber in mmHg was plotted along the 


X axis, and the ionization current in units of 107” amp was plotted 
along the Y axis. A Po-a-Be source of neutrons was used. 


In order to check the operation of the chamber we determined 


experimentally ionization currents with filtering of the neutron beam from a PO-a-Be source by lead screens 10 and 
20 mm thick and also without filtering. On the basis of 20 measuring results we determined the ratios (hk -Ip/h %, 
where h is the ionization a in the chamber without lead filtering of the neutron beam, Ir is the current with 
lead filtering. The ratio ( om -was found to be equal to 9.7% with 10 mm lead filtering and to 15.2% with 20 mm 


lead filtering. 
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Fig. 8. 


Table 3 shows the calculated data of the attenuation in lead of a neu- 
tron beam and of y-rays from a Po-a-Be source (E y= 0.8 Mev). 


In calculating 1,/ ly, it,was assumed that the full interaction cross sec- 
tion of neutrons from Po-a-Be source was equal for lead to 6 barn. 


Calculated on the basis of the measurement results and the data in Table 
3, the contributions to the ionization current of the currents due to y -rays 
amounted to 15.3% with a 10 mm filter and to 14.2% with a 20 mm filter, 
i.e, about14.8% of the ionization current from a Po-a-Be neutron source is 


TABLE 3 is due to y-rays. This produces a current of 3°10“ amp 
in methane for a neutron flux of 100 neutrons/cm’**sec, 
iy In which corresponds to a y -ray dosage power of 0.1 yu1r/sec 
Thickness of the lead filter, F h (see Figure 5), and exceeds slightly the power of the y -dose 
re ™ _ given in [12] as 0.2 mr/hr at a distance of 60 cm from a 
10 0.80 0,88 source of 1 curie of polonium or 0,084 yr/sec per 100 neu~ 
2 0,23 0,76 trons/cm* «sec, 


on 
0,10 iy a 
909 


Fig. 9, 


sec 
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Figure 8 represents the relation of the product of the 
chamber ionization current and the square of the distance between the 
center of the chamber and the source to the distance between the cham- 
ber and the source: 


where I, is the ionization current produced by the neutrons in the chamber, 
and ris the distance between the neutron source and the center of the 
chamber. 


The current was measured with the chamber filled with methane 
(curve 3), the tissue-equivalent gas (curve 1) and air (curve 2), Deviations 
from a straight line parallel to the X axis at small distances from the source 


are apparently due to a considerable nonuniformity of the neutron field at 
these distances. 


Figure 9 shows the relation of the EMU -3 instrument readings in volts to the density of the neutron flux from a 


Po-a-Be source. 
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On the basis of these data it is possible to evaluate the “wall” and “gas” effects. It will be seen that the ra- 
tio of the currents in a chamber filled with methane (curve 3) and air (curve 2) is equal to 1.63 for a pressure in the 
chamber of 760 mmHg and a temperature of 18°C, In other words, for the same neutron flux the readings of the in- 
strument with a chamber filled with the tissue-equivalent gas (curve 1) are about 40% higher than those of an instru- 
ment with a chamber filled with air. For y-ray irradiations this difference did not exceed 11%, 


Figure 10 shows the relation between the power of a tissue absorbed dose in prads /sec and the neutron flux den- 
sity, plotted on the basis of dosimeter calibrations by means of a Po- & - Be neutron source and by Co® y -Tays. 


irads/sec »4 It will be seen that a dosage power of 0.2 yrad /sec corresponds to a flux of 37 

WA neutrons/cm’-sec. 

q “ 4 If we assume the mean energy of neutrons from a Po-a-Be source to be equal to 3 
V4 Mev, the agreement of this result with theoretical data [13, 14) is sufficiently good. Ac- 

a2 P cording to Snyder's calculations, the permissible neutron flux with an energy of 3 Mev 

qs yf corresponding to a dose of 2 uber/sec is equal to 35 neutrons/cm’-sec. The international 

"4 commission for radiological protection, meeting in Copenhagen in 1953 adopted the value 
of 30 neutrons/cm’*-sec. 


0 0 20300 5060708 


neutrons/cm? . sec Conclusions. As a result of this work a tissue-sensitive dosimeter of fast neutrons 
has been produced for measuring from 0.5 to several hundred permissible tissue dose pow - 
Pig. 10. ers in prads/sec with an error of 7-12%, 
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LIQUID AND GAS FLOW MEASUREMENTS 


ELEMENTS OF THE GENERAL THEORY OF ULTRASONIC FLOWMETERS 


G. I. Birger 


Translated from Izmeritel'naya Tekhnika, No, 4, 
pp. 42-48, April, 1961 


An important sphere of application of ultrasonic flowmeters consists in checking the flow of corrosive liquids 
and pulp where it is impossible to use similar instruments and methods of measurement. However, nearly all the ul- 
trasonic flowmeters described in literature [1-12] are intended for measuring the speed of flow in pure noncorrosive 
liquids (water, oil products, etc.), At the same time in the works published to date on this subject only a simplified 
theoretical treatment of ultrasonic flowmeters is given, without analyzing the errors, thus making it difficult to choose 
the most suitable type in the construction and layout of flowmeters for given measuring conditions and properties of 


the measured medium. Therefore, a pressing necessity has arisen for developing the foundations of an ultrasonic flow- 
meter theory with their classification and an analysis of their errors. 


Classification of ultrasonic flowmeters. It is known that the principle of operation of ultrasonic flowmeters is 
based on the fact that the speed of propagation of ultrasonic vibrations in a moving medium with respect to a system 
of stationary coordinates (the walls of a pipe) is equal to the vector sum of the supersonic velocity with respect to the 
medium and the velocity of the medium with respect to the pipe. Hence, if two piezoelectric crystal transducers are 
mounted for radiating ultrasonic vibrations in the direction of the flow and against it, and two ultrasonic receivers are 
placed at the same distance from their respective radiators, the signals in the two ultrasonic channels will arrive 


through the moving liquid at the receivers with a certain acoustical propagation difference, which will bear a single- 
valued relationship to the speed of the liquid flow. 


The measurement of the acoustical propagation difference is normally reduced by various methods the differ - 
ence in the propagation time of the ultrasonic vibrations with and against the liquid flow: 1) by a direct measure- 
ment of the ultrasonic pulses propagation time; 2) by measuring the phase difference in the ultrasonic vibrations pro- 
pagated with and against the liquid flow in a state of continuous radiation, and 3) by measuring the difference in the 
repetition frequency of spaces or ultrasonic pulses propagated with and against the flow, in such a manner that each 
succeeding space or pulse is produced by the preceding one received by the piezoelectric element. Preliminary cal- 
culations have shown that the direct measurement of the ultrasonic pulse propagation time requires an excessively 
high degree of accuracy. Hence, we shall refrain from examining this method anyfurther. Neither shall we examine 
the method of measuring directly the geometrical displacement of the ultrasonic beam by the liquid flow [7], since 
this method is only suitable for pure liquids over a narrow velocity range. 


In addition to classifying the ultrasonic flowmeters by their measuring circuits, it is also necessary to divide 
them according to the types of their transducers, which are selected to suit their production operation requirements. 
Among other things it is necessary to protect the surface of piezoelectric elements in measuring corrosive liquids and 
pulps by sound -conducting layers whose parameters must be allowed for in computations. Moreover, in checking the 
flow of contaminated liquids and pulps the presence of any “pockets” or protruding parts cannot be tolerated on the 
surface of the transducers. Hence, in certain transducers the ultrasonic beam will strike the surface between the 
sound receiver and the liquid at an angle and will be refracted at the surface. 


Two basic types of transducers are possible, with or without refraction. A transducer in which the angle between 
the axis of the pipe and the direction of ultrasonic propagation in the measured liquid does not depend on its acousti- 
cal properties is known as a transducer without refraction. A transducer in which this direction depends on the acou- 
stical properties is known as a transducer with refraction. One of the versions of transducers without refraction is 
shown schematically in Fig. 1, and that with refraction in Fig. 2. 


Thus, in conjunction with the three basic types of measuring circuits (phase, spaced frequency and pulsed fre~ 
quency) it is possible to distinguish six basic types of ultrasonic flowmeters. Various modifications of these types as, 
for instance, a phase method with modulation [3, 8] do not interfere with the above classification and can be analyzed 
within the framework of the relations given below, or by means of similar methods. 


= 


Basic relationships of the theory, The ultrasonic velocity of propagation in the measured medium and the acou- 
stic lines is approximately three times greater than the flow velocity of the liquid in the pipe; hence, even relatively 
small ultrasonic velocity variations due to temperature may, under certain conditions, produce errors which are com- 

parable to the measured flow, or may even exceed it. In this connection the analysis of possible errors in ultrasonic 

flowmeters and the means for avoiding them by specifying certain accuracy requirements in the manufacture of trans- 
ducer components is of decisive importance in the design of the instrument as a whole. 


In existing literature an analytical examination is provided only for 
phase and spaced-frequency circuits using transducers without refraction, on 
the assumption that both electronic-acoustical channels are completely sym- 
metrical and the parameters of these channels do not vary during the opera- 
tion of the instrument. However, the parameters of the two channels can- 
not be made identical with a sufficient accuracy (omitting the commutated 
single-channel circuits, which have their own peculiarities and difficulties). 
Thus, in computing all the types of ultrasonic flowmeters it becomes neces- 
sary to account for the asymmetry of parameters in the electronic-acousti - 


cal channels. 


Fig. 1 The initial reading of the flowmeters due to the asymmetry of channels 
; may be compensated one way or another. However, as will be shown later, 
the presence even of compensated asymmetry in transducer channels produces 
NSS errors due to variations (on account of temperature or composition differences) 
WY SS , Yy, in the ultrasonic velocity of the tested medium and of the acoustical lines, 


Thus, in addition to normal errors due to uncontrolled variation in the 
parameters of the transducer and the electronic circuit, which we shall de- 


sail a note by 6, the ultrasonic flowmeters also have errors due to the presence 
—_— W . - of the compensated asymmetry of electronic -acoustical channel parameters, 
which we shall denote by 
Fie. 2 In deriving complete formulas for all the types of ultrasonic flow- 
aan y meters we shall account for the asymmetry of the following transducer para- 


meters: the thickness of the diaphragm or the corresponding length of acou- 
stical lines 592; angles between the direction of ultrasonic “rays” and the pipe axis 69%; the pipe diameter (ellipti- 
city of the cross section) 69D. Moreover, other quantities characteristic for some of the flowmeter types will also be 
taken into consideration, A detailed analysis of the effect of asymmetry and variations in parameters of electronic 
channels will not be undertaken. 
In all the cases it is assumed that the beam of ultrasonic oscillations is transmitted without spreading out,and 
hence it is possible to consider only one central ultrasonic “ray,” 


Phase circuit using a transducer without refraction, Continuous ultrasonic oscillations induced in the radiating 
piezoelectric elements by a common generator are fed to the measured medium through plane-parallel diaphragms 
in the direction of the flow in one channel and against it in the other. The ultrasonic oscillations reach the receiving 
piezoelectric elements in the two channels with a certain phase difference 4 gy, After the amplification and limita - 
tion in the two separate channels they are fed to a phase detector, which provides a dc voltage proportional to the 
phase difference and hence to the velocity of the flow. The phase difference due to the asymmetry of the acoustical 


and electronic channels may be compensated by means of a phase shifter. 


The comprehensive formula for flowmeters of this type, after the elimination of small terms, can be represented 


by the following expression : 
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where 4 ¢ is the phase difference in ultrasonic oscillations received in the transducer channels; w is the angular vel- 
ocity of ultrasonic oscillations; c, is the ultrasonic velocity of the sound-conducting diaphragms; o is the ultrasonic 
velocity in the measured liquid; y is the mean velocity of the liquid flow in the pipe; @ is the angle between the ul- 
trasonic ray and a perpendicular to the pipe axis; 2 is the thickness of the sound-conducting diaphragms; 1!" is the 
depth of “pockets” in the direction of the acoustical channel axis; D is the pipe diameter; & ¥_e is the uncontrolled 
phase difference in the electronic circuit of the instrument. 


The first term in the bracket represents the phase shift due to the propagation of liquid in the pipe, and the re- 
maining terms those due to the asymmetry of various transducer parameters. The value of all these terms depends on 
the ultrasonic velocity whose variations will produce corresponding errors. 


The ultrasonic velocity of the tested medium depends on its composition and temperature, but in the acoustical 
lines only on temperature. For small variations in temperature and concentrations in the liquid it is possible to assume 
a linear relationship of the ultrasonic velocity to temperature and concentration: 

(1+ vil); 
(1+ Vat 9): 


els 

ces) 

1e 

' q is the total referred concentration of the components in the solution: 

3, Taking into consideration the errors due both to the uncompensated variations in the transducer parameters, of 
the electronic circuit and the tested medium, and to the asymmetry of their values, the quadratic mean error in mea- 
suring the phase difference can be represented by the expression: 
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By setting a definite value for the maximum error and using (3) it is possible to calculate the accuracy require- 
ments for maintaining the parameters of the tested medium for the manufacture of transducer elements as well as the 
permissible deviations in the transducer parameters during operation. 


Pulsed frequency and spaced frequency circuits for transducers without refractions. In the pulsed frequency cir- 
cuit the radiating piezoelectric element of each transducer channel receives a short high-frequency electric pulse from 
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its generator. Each pulse is transmitted through the tested medium to its receiving piezoelectric element, and after 
transformation causes the next operation of its generator, 


In the spaced frequency circuit the radiating piezoelectric elements of both channels are fed with continuous 
electrical high-frequency oscillations from separate generators. The signals received by the piezoelectric elements 
block after transformation their respective generators. As soon as the signals stop being received by the piezoelectric 
elements the generators are again unblocked and the entire cycle is repeated. 


Thus in each channel a series of ultrasonic pulses or spaces is produced with different repetition frequencies. 
The difference in the repetition frequency AF of pulses or spaces in both channels is in the main determined by the 


velocity of the tested liquid in the pipe. 


A comprehensive formula for the flowmeter operating with a pulsed frequency circuit is 


2 
Cs ncosa cosa, st @ 
we sin 2a -( D Sol + D | 4 (d9t+5r) (4) 
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where T is the constant component of the pulse delay time in both electronic-acoustical channels; 897 is the asym- 
metry in the delay time; 67 is the variation in the delay time in the electronic-acoustical channels, 


The comprehensive formula for a flowmeter with a spaced frequency circuit is similar to (4) only differing by 
the factor of 0.5. 


The numerator of (4) consists of three terms, the first of which represents the velocity of the tested liquid flow, 
the second the asymmetry of the transducer parameters, and the third the asymmetry of the electronic circuit para- 
meters. 
Only when electronic-acoustical channels are completely symmetrical, when there is no delay of signals in them, 
and the effect of acoustic line diaphragms and “pockets” is neglected, does it become possible to obtain the greatly 
simplified well-known relationship for the pulsed frequency circuit. 


sin2a 


(5) 


and for the spaced frequency circuit 


(6) 


In these relations the difference frequency does not depend on the ultrasonic speed in the tested medium, thus 
eliminating any temperature errors. However, ultrasonic speed is included in the comprehensive expressions and, 
hence, certain temperature errors are characteristic of pulsed frequency and spaced frequency circuits, 


The quadratic mean error in measuring the difference frequency can be represented in a manner similar to (3) 
by the expression : 


(7) 
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Expressions for the terms under the radical which can be calculated in a manner similar to that used in (3) are 
not given here, since some of them are very cumbersome. 


It is only necessary to examine the expression 6 F; = ce &t for the purely temperature error, i. e., in 
the absence of asymmetry or lagging 


2u sin 2a (y,Mol + t) cosa 
. (8) 
+c, 
i+ cos a 


D 


% 
| 
v 
sin 2a 


It will be seen from (8) that the temperature error becomes equal to zero if the following condition is observed : 
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The above expression is a condition for the compensation of purely temperature errors. 


Phase circuit with reflections, Let us now examine a version of the phase circuit with refractions in which the 
sound -conducting rods are mounted flush with the internal surface of the pipe. In other respects this circuit is identi - 
cal to the phase circuit without refractions, 


A comprehensive formula for the above type of ultrasonic flowmeter has the form: 


2Dv sina nD sin 
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where & is the angle between the acoustic line axis and the perpendicular to the pipe axis. 


The expression for the quadratic mean error in this case is similar to that in (3) and (17): 
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The first term of expression 9A g/®t represents the purely temperature error. Let us find the value of the 
parameters for which this expression becomes Zero: 


(12) 


(1—2n2 sin? a)=0. 


The above expression determines the condition of temperature compensation for the transducer. The value of 
the sin & from (12) can be expressed as: 
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sina= (13) 
No 


Thus, knowing the values of c, and yz for the tested medium, it is possible, by selecting the acoustic line ma- 
terial with the required characteristics and appropriately calculating angle &, to provide an automatic compensation 
of the purely temperature error of the transducer. In practice this can be easily provided for water and many aqueous 
solutions which have y,> 0 in the range of operating temperatures. 


Pulsed frequency and spaced frequency circuits with refractions. The comprehensive formula for pulsed frequen - 
cy circuits with refractions has the following form: 
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The comprehensive formula for the spaced frequency circuit differs from (14) only by the absence of coefficient 
2 in the numerator. 


Providing the electronic-acoustical channels are completely symmetrical it is possible to obtain a simplified 
formula for the pulsed frequency and spaced frequency circuits, respectively: 
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The general expression for the quadratic mean error in measuring the differnce frequency has a form similar to 
that given in (7) with the exception of the term depending on asymmetry and variation in the depth of “pockets,” 


In a manner similar to the phase circuit with refractions it is possible to obtain, from the expression for a purely 
temperature error, the condition of the transducer temperature compensations which, in this case, has the form 


l Vo 
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Thus, an automatic compensation of the transducer temperature error can be provided by selecting the required 
characteristics for the acoustic line material and appropriately calculating the length of the acoustic line. 


Tables 1 and 2 show the maximum permissible asymmetry and uncompensated variations in the parameters of 
a transducer iacanted for measuring titanium tetrachloride pulp in a pipe with an internal diameter of 50 mm over a 
range of 0-80 m */hr, All the cited values were calculated with the assumption that the maximum errors from each 
source amounted to #1% of the measurement range, and that the possible variations of the tested medium tempera- 
#10°C, 


ture did not exceed 


¢ 


nt 


TABLE 1, Maximum Permissible Asymmetry in Transducer Parameters 


Phase circuit Pulsed frequency} Space frequency 


circuit circuit 
Parameter without | with without} with |without| with 
refrac- refrac-| refrac-| refracj refrac4 refrac- 
tions tions tions tions tions tions 


Diaphragm thickness or 
length of acoustic lin 


MM. a 0.5 0.5 0.5 2.3 0.5 2.3 
Depth of pockets, mm . 0.13 0.2 0.2 
Difference in angles .. | 17° 1° 13.5° | 1° 13.5° | 1° 
Ellipticity in pipe cross 

sections,mm..... 0.12 0.2 0.3 0.3 0.3 0.3 
Delay time of pulses, py 


Comparative analysis of the basic types of ultrasonic flowmeters, An analysis of the above relationship makes 
it possible to determine the measurement ranges, advantages, defects, and the possible application of the basic types 
of ultrasonic flowmeters on the basis of the measuring conditions and the properties of the measured medium. 


The phase curcuit using a transducer without refractions is characterized by a high sensistivity and can be used 
for measuring the instanteneous discharge of pulsating and rapidly changing flows of liquid. The analysis of errors 
has shown that this circuit is characterized by relatively small temperature errors as compared with all the other types 


of ultrasonic flowmeters. However, this circuit imposes very strict requirements on asymmetry and uncompensated 
transducer parameter variations. 


TABLE 2, Maximum Permissible Uncompensated Parameter Variations in the 
Transducer and the Electronic-Acoustical Channels. 


Phase circuit Pulsed frequency frequency: 
circuit circuit 
Parameter without | with without [with without} with 
refrac- |refrac- |refrac- |refrac- | refrac-| refrac- 
tions tions tions tions tions tions 


Tested medium tempera - 

4 5.5 >10 >10 >10 >10 
Ultrasonic velocity in the 
tested medium, %.. . 1 2.5 >10 >10 >10 >10 
Difference in the thick - 
ness of diaphragms or in 
the length of acoustic 


lines,mm..... . 0.008 0,12 0,01 0.12 0.01 
Difference in the depth of 

pockets,mm..... | 0,003 0.052 0.0523 — 
Difference in angles. 25” 22” 2° 22° 2° 


Ellipticity in the cross sec 
tion of pipes, mm . . .| 0,003 0.003} 0.015 | 0,004 0.015} 0,004 
Difference in the delay ~ 
time of pulses, psec. . = = 0.05 0.005 0.1 0.1 


The pulsed frequency and spaced frequency circuits using transducers without refractions are highly sensitive 
only for small pipe diameters. Contrary to the phase circuit all the frequency circuits have a large time constant. 
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The error analysis shows that in flowmeters of this type purely temperature errors are practically absent, which is of 
considerable advantage. However, these circuits also impose very strict requirements with respect to asymmetry, un- 
compensated transducer parameter variations, uncompensated pulse time delays, and corresponding differences in the 
variations of electronic-acoustical channel parameters. The latter requirement can only be met by considerably rais- 
ing the operating frequency, thus limiting the sphere of application of these flowmeters to media with a small absorp- 


tion of high-frequency ultrasonic vibrations, 


1, 
2. 
3, 
4. 
5. 
6 

7 


of the measured medium. 


TABLE 3 


The sensitivity of the phase circuit with refractions is only a fraction of that without refractions; however, in 
the range of medium and large flows (tens and hundreds of cubic meters per hour) the sensitivity of this circuit is sat- 
isfactory. One of the essential advantages of this circuit consists in the possibility of an automatic compensation of 
the transducer temperature errors without affecting the internal cross section of the pipe, thus making it possible to use 
the circuit for measuring the flow of pulps, crystallizing and polluted liquids, The requirements for asymmetry and 
uncompensated transducer parameter variations are considerably less strict for this circuit than for the phase circuit 
without refractions. 


The pulsed frequency and spaced frequency circuits with refractions have a considerably smaller sensitivity as 
compared with the circuits already mentioned, and can therefore only be used with small diameter pipes (up to about 
50 mm). The error analysis shows that both these circuits impose practically unattainable requirements with respect 
to the variations in the pulse delay time and hence, in the paramenters of the electronic-acoustical channels. 


It is possible to conclude from the above that it is most expedient to use the following basic types of ultrasonic 
flowmeters: the phase type with and without refractions, and the pulsed frequency types without refractions. 


Table 3 shows the optimum circuits of ultrasonic flowmeters for various measurement ranges and characteristics 


Circuit 


Approximate measuring ranges, m°/hr 


pure liquids 


polluted liquids 


<1 


1-10 


10-100 


>100 


<1 


1-10 


10-100 


tions 


Phase without refrac- 
tions 

Pulsed frequency with- 
out refractions 

Spaced frequency with: 
out refractions 

Phase with refractions 

Frequency with refrac- 


++ 


Note: Sign "++" denotes preferred circuits. 
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ESSAYS AND REVIEWS 


NEW DIGITAL INSTRUMENTS 


F. A. Sorokin 


Translated from Izmeritel'naya Tekhnika, No. 4, 
pp. 49-53, April, 1961 


The present-day level of technical development imposes more exacting requirements on monitoring and con- 
trol instruments, and in particular with respect to their speed of operation and reliability of reading. 


A tendency is therefore developing in instrument-making of changing over from pointer to digital instruments 
which have several advantages: great accuracy at high speed of measurement, increased readout speed without the 
possibility of reading errors, "self-checking” facilities, the possiblitity of remote transmission without loss of accuracy, 
the provision of results in a form suitable for further processing in computers, and the possibility of automatic storing 
(memory) of measurement results. 


Complete automation by means of computers is impossible without digital instruments. 


The principle of operation of digital instruments consists in converting the measured quantity or its analogue 
(i. e., a physical quantity proportional to that measured, for instance, in measuring temperature the emf of a thermoe 
couple of the value of a resistance thermometer) into a digital code which is then used in an indicating, recording or 
controlling device. 


Digital codes consist of various counting systems which differ from each other by their base, i. e., the number 
which forms units on the second and subsequent orders. Thus, in one of the most common systems, the binary number 
2 is used as a base and each succeeding order is twice as large as the preceding one. 


The disadvantage of the binary system is the necessity for its conversion into a decimal system, which is nor- 
mally used outside the instrument application. This has led to the extensive use of a combined binary-decimal sys- 
tem, whichincorporates the advantages of both systems. Number 10 serves as the base of this system, but each fig - 
ure is represented by its binary equivalent (see Table). 


Table 1 


Order 1000 100 10 1 


Figure 


Operation of 
circuit ele- 
ment 


Representation 0001001010010001 


- 1000 + 100+2? - 10+2 * 10+2+1= 1291 


The coded number is as a rule represented by “binary” elements. In this case the attribute which determines 
the value of the quantity consists of the presence or absence of a pulse irrespective of its amplitude, which can be 
varied in transmission or conversion, The representation is therefore restricted to two symbols : 1 and 0. 


Circuit elements for "binary" coding may consist of electromagnetic relays (operated, released), electron tubes 
and transistors (conducting, blocked), and magnets ( energized positively). 


In pointer indicating instruments a loss of the initial accuracy is inevitable when transmitting or processing an- 
alogue quantities (summing, multiplying, differentiating, storing, etc.). Errors accumulate without the possibility of 
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estimating or correcting them. When digital methods are used such a loss of accuracy is eliminated by the very na- 
ture of the presentation of measurement results, An error can only arise in two extreme cases, namely, the loss of a 
transmitted pulse or the appearance of a stray interference pulse. This leads to a pronounced change in the transmitted 
number. Such digital instrument errors can be eliminated fairly easily by means of a self-checking unit. The prin- 
ciple of self-checking operation consists of the following. The coded number contains, in addition to the basic ele- 
ments required for representing the figure, also auxiliary checking which form with the basic elements a definite com- 
bination for a given code, for instance, the number of symbols 1 must be odd. A failure in this combination indicates 
the error, which can than be eliminated or corrected. 


The output of a digital instrument can be connected directly to the input of a computer or a discrete control 
system, which is particularly important, in the case of multiple monitoring. 


Amplitude 
Amplitude 


> 4 T Ti 
t me 


Fig. 1. 


Digital instruments can be used both for measuring instantaneous values and as integrators. In the latter case 
the analogue variable which is characterized by its amplitude is divided into separate parts equal in their effect (quan- 
ta) which are then represented by means of pulses. The principle of operation of these two types of digital instru- 
ments is illustrated by graphs in Fig. 1a, showing the conversion into a discrete form of instantaneous values of the 
measured variable, and Fig. 1b, showing the conversion into a discrete form of equal amplitude increments. 


Analogue -to-digital converter (digitizer). A digital instrument's input signal can consist of a voltage (current) 
or a rotation angle. In the first case the conversion of the input signal into a discrete form is carried out in the fol- 
lowing manner. 


1. The measured voltage is compared with a reference voltage obtained from a sawtooth generator (Fig. 2). 
The value of the voltage ramp corresponding to zero and the measured voltage iimit the time interval proportional 
to the measured voltage. This interval is evaluated in terms of standard pulses which serve to represent the input 
voltage in a discrete form, The conversion error is determined by the linearity of the voltage ramp, the constancy 
of the pulse generator frequency, and the zero drift in the comparator unit. Such a converter can provide an error 
not exceeding 4 2% with a conversion cycle of 20 msec when measuring voltages of the order of 10 v. 


Another version of such a converter uses reference 
pulses for evaluating the time interval produced by a dis- 
charge of a capacitor which is charged by the measured 


/ voltage, 


fH ) 2. The measured voltage is compared with the refer- 

; ' ence voltage whose value is changed in steps by means of a 
i + relay. The pulse for switching in the next relay can be pro- 
vided by the difference between the measured voltage and 
that of the preceding step. The step for which therefer- 
ence voltage becomes larger than the measured voltage is 
disconnected after comparison. The steps which provide a 
reference voltage value smaller or equal to the mea- 
sured voltage remain connected, The combination of the 
remaining voltage steps provide the digital code. Figure 3 
shows the schematic of the converter and a specific example 
Fig. 2. 1) Generator; 2; .neasured voltage; 3) com- showing the representation of number 45 in the digital code. 
parator unit; 4) pulse generator; 5) digitizer; 

6) erasing pulse; 7) indicator (v). 
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The conversion error is determined by the error of reference resistors which provide the voltage steps, the stabil- 
ity of the reference current source, and the zero drift of the comparison uit. It can be made smaller than # 0.05% 


for three convertions per second, 


2 


—g Jconst 
= 


Measured voltage 


~~ Comparison unit dis- 


connecting pulses 


=» Time 


Fig. 3. 1) Reference voltage; 2) measured voltage; 3) compar- 
ison unit; 4) digitizer; 5) indicator (v). 


A converter of this type is the only one which can operate in a “self-excitation” condition when the input volt- 
age is continuously compared with its last coded value. As soon as the voltage changes the new conversion process 
is originated automatically. The “self-excitation” can be set only in one direction, i. e.,the instrument will register 
either the maximum or minimum values of the measured voltage. 


3, The voltage is converted by means of a miniature motor into a strictly proportional number of revolutions 
and then into a proportional number of pulses by means of an interrupter. Such a design is often used for digital inte- 
grators (Fig. 4). Such converters provide at their output 0.008 to 480 pulses per minute, depending on the measure- 


ment range. 


f-quantum 


Fififiifif if | f 


Pulse generator 


Pulses 


Fig. 4. 1) Pulse generator; 2) digitozer; 3) indi - 
cator (quantity); 4) pulse clock; 5) digitizer; 6) 
indicator ( quantity/time). 
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In the second case, when the input signal consists of an 
angle of rotation the conversion is carried out in the following 
manner: 1) the axis of the measuring device is rigidly fixed to 
that of the digital coding disc. The surface of the disc is cov- 
ered by means of separate segments with a digital code which 
can then be read by optical, mechanical or electrical means. 
Thus, every required angle of rotation of the disc can be repre - 
sented by a definite number in a discrete form (Fig. 5). 


The defect of such converters consists in the possibility of 
errors in an intermediate position of the disc, when the read- 
out is on the border of two segments. This defect is eliminated 
by clamping the disc positions or using special codes, 


The errors and speed of operation of such devices are de- 
termined by the primary measuring instruments ( transducers) 
and amount to #0.6- 2% with a readout duration of 0.5-2 sec. 


2. The angle of rotation is transmitted to a rotating 
core with a primary winding which is fed with dating pulses. 
Depending on the position of the core the pulses are induced in 
a different number of stationary secondary windings placed 
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along the circumference of the core. The combination of pulses induced in the excited secondary windings provides 
a digital code corresponding to the rotation angle of the core. 


Digital display instruments (indicators), The following four types of digital indicators are used: 1) an optical 
system consisting of separate miniature electrical lamps and condensing lenses. Each lamp or corresponding lens is 
marked with a figure. According to the digital code fed to the indicator a definite lamp or combination of lamps 


is lighted, and the image of a figure or figures is projected onto a screen. In a similar way the screen can be lighted 
in different colors. The arrangement of such an indicator is shown in Fig. 6. 


2, A set of thin perspex plates with engraved figures. 
' Each plate can be lighted from the side by a separate lamp, thus 
king a definite figure visible. In operation the lamps corres- 
= iH: | ma i g Ps 
ponding to the digital code are lighted. 


3, A system for decatrones, gas-discharge counting tubes, 
|» Which consist of a disc anode and wire cathodes placed round it 
»”  inacircle. The input pulses are fed to the wire cathodes in a 

certain sequence depending on the digital code. This produces 
a glow discharge between the appropriate cathode pin and the 
anode. Viewed from its end such a tube looks like a dial with a 
luminous drift indicator. The appearance of the tube with an 
attached scale is shown in Fig. 7. 


4, A system of nodistrons, new gas-discharge tubes. The 
electrodes of the tube are placed one behind the other in a col- 
imn made in the shape of figures. When a voltage is applied to 
the required electrode it lights up, providing a bright image of 
the figure. 


Types of digital instruments. The most common digital 
instruments consist at present of voltmeters, 


The new five-digit Solarton Electronic Group voltmeter 
model TM 923 has a range of 0.01-159.99 v and an error of 0,02%, 
It has an indicator with a digital projection on a screen. The 
polarity of the measured voltage is indicated by the coloring of 
the screen. The instrument can operate in a periodic readout 
condition or with indications preserving the previous reading un- 
til the instant of the new readout. The sensitivity of the instru- 
ment can be adjusted. 


A four-digit voltmeter model LM902 of the same firm has 
5 ranges: 0-0.1599, 0-1.599, 0-15.99, 0-159.9, and 0-1599v, 
with an error of 0.1% and a readout time of 280 msec. 


A five-digit voltmeter is made by the Blackburn Electron- 
ics Company. It has an error of 0.01% and provides up to three 
sil readouts per second. The time of one readout cycle can be ad- 
justed between 13 and 103 msec. The instrument uses a digital 
display tube, In addition to measuring voltages the instrument can be used for measuring the ratio between quanti - 
ties, The ranges are switched automatically. 


The digital voltmeter made by the firm Nash and Thompson has four ranges: 0-1, 0-10, 0-100, 0-1000v, with 
an error of £1%, It consists of two units, a converter and a digital indicator. 


The digital voltmeter mode] V-1 made by the Scientific Furnishing Company, is based on a stroboscopic prin- 
ciple, has five ranges: 0-0.25, 0-2,5, 0-25, 0-250 and 0.2500 v with an error of #0.5%, Its readout time is 33 msec. 


The instrument is fitted with a controllable damping which makes it insensitive to sharp peak and pulse inter- 
ference. In addition to a periodic readout condition it can also operate in a condition when the digits pass in front of 
the screen, which is convenient for interpolation. 


Input Binary code 
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Fig. 5. 1) Digitizer; 2) indicator. 
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Digital instruments have also been designed for other measurements. 


A six-digit type SA21A instrument for frequency measurements made by the Racal Instruments Company for a 
range of 10 cps - 1 Mc incorporates a reference frequency oscillator, has an intermediate memory device and can 
be coupled to a printer. The instrument is transistorized, has printed circuits and is insensitive to variations in the 
voltage or frequency of the supply. Its power consumption is 45 w (it can be supplied both from an ac and dc source). 


A combined oscilloscope type 425 (Allen Du Mont) should be mentioned. It provides a digital display of points 
on an oscillogram in two coordinates, amplitude*and time. It covers a range of 0-60 Mc. It has a screen of 100 x 50 
mm, The instrument can be connected to a printing device. The instrument is assembled in five easily exchange- 


able units, thus making it possible to change its application and range. 


The work for the unification of digital instruments should be noted, Display units for one figure (Counting In- 
struments Company) have been developed and consist of a complete unit which can easily be incorporated in a digital 
instrument used for any purpose. Such units can be used for making-up a digital indicator for an unlimited number 
of figures. The unit uses the optical projection method of figures onto a screen, The optical system consists of 12 
miniature lamps and 12 lenses. The lenses are marked with figures from 0 to 9 and a comma, one lens is colored for 
illuminating the screen. The lenses can also be marked with letters and entire words, It is interesting to note the 
tendency to increase the area of legibility of the display. Thus, the new digital unit series 80000 provides an image 
of a figure of 94x 50 mm, which can easily be read from a distance of 30 m, whereas a similar unit series 600 of an 
earlier design had figures measuring 25x 16 mm, 


A universal digitizer has been developed (Bristol Aircraft Co.), which provides an accuracy of 0.5% with a 
readout time of 3 msec, The digitizer provides at its output an 8-figure number and can be used with various trans- 


ducers and indicating instruments. 


Miniature analogue-to-digital and digital-to-analogue converters (Armstrong Whitworth Aircraft Company) in- 
tended for high-speed operation, provides 50,000 conversions per second. The converters operate with 8-figure num- 
bers, The inverters provide a voltage at their output. 


A microconverter (Nash and Thompson Company) has been designed for converting small voltages up to 1 v in- 
to a digital code. 


Complex digital devices for multiple monitoring are being produced. An equipment of this type has been de- 
veloped by the Radiatron Company for automatically checking the operation of a plant. The equipment provides 
a visual indication and recording of the measured overall consumption of a plant (of electricity, fuel, gas , steam, 
compressed air, oil, etc.), It is built up of standardized transducers and digital transducers and digital display units, 
and has a computer memory device in case of the mains voltage failure. A programming device provides a periodic 
recording of results in certain or all measurement channels. 


In addition to the devices with visual digital displays, there are systems with acoustical outputs, One such sys- 
tem has a memory device. The measurement results are provided on calling the object over a telephone line. It is 
possible to transmit not only the value of the measured quantity at the instant of the call, but also the direction of 
its variation (increase or decrease), as well as its maximum or minimum value over a definite time interval. 


Digital electrical measuring instruments for various purposes are being produced by other British firms (Lintronic 
Burndept Ltd., Ericsson Telephones, Ltd., British Physical Laboratories, etc.). 
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MATERIAL RECEIVED BY THE EDITORIAL BOARD 


WORKING EXPERIENCE OF A STATE INSPECTOR 
IN A RURAL DISTRICT * 


L. Sh. Vinderman 


Translated from Izmeritel’naya Tekhnika, No. 4, 
pp. 53-55, April, 1961 


The supervision of measuring equipment in rural districts is one of the most important tasks performed by the 
GKL State Inspection Laboratories) according to instructions 12-58 of the Committee of Standards, Measures and Mea- 
suring Instruments attached to the Council of Ministers of the USSR, 


In the Chernovitsy region this work is carried out by state inspectors who are allocated territories consisting, on 
an average, of four rural districts. The ‘state inspector carries out in his district the state testing of measures and mea- 
suring instruments, supervises the checking of measures and measuring instruments at the plants carried out by the 
service and technical inspection agencies, checks the operation of the basic inspection agencies on his territory, con- 
trols the condition of the measuring equipment and its correct use, takes the necessary steps for introducing new mea- 
suring equipment in the plants and organizations, studies the operational characteristics of the measures and measuring 
instruments, and maintains contact with plants and organizations on problems affecting measurement equipment. 


His activity is directed by the GKL through a yearly plan of work for rural districts, which consists of the fol- 
lowing sections: the work of service and technical inspection teams in checking measures and measuring instruments; 
the work of instrument-repair teams; state checking of measures and measuring instruments; supervising the opera - 
tion of the service and technical inspection; heavy inspection of measures and measuring instruments; checking the 
technique in measuring fuel and lubricating materials; and special on-the-spot inspection trips of the state inspector. 


The plan provides for biannual on-the-spot inspection by the service and technical teams, their first trip being 
arranged 1-2 months before the state inspection of measures and measuring instruments, and the first trip of the instru - 
ment-repair teams 2-4 weeks before the state inspection date. 


In addition to supervising the work of service and technical inspection agencies, each state inspector is provided 
with a plan for checking the condition of the oil products measuring equipment in 5-6 places. He also receives a sche- 
dule for his special trips to the establishments for rendering them assistance and inspecting their measuring equipment, 
taking into consideration the economy of the district, i. e., the seasonal operation of food plants, stocking operations, 
etc, Special attention is paid to his trips for inspecting the measuring equipment at automatic shops in sugar refin- 


eries and grain processing plants. The state inspection and testing of measures and measuring instruments is made by 
means of mobile laboratories installed on GAZ-51 motor trucks. 


An important condition for maintianing the measuring equipment in a serviceable and efficient condition con- 
sists in a timely periodic checking of the measuresand measuring instruments. In order to help the state inspectors 
in this work the Chernovitsy GKL has worked out a routine instruction for the heads of plants and a time-table for 
checking instruments. The existence of standard tables helps the state inspector to come to an agreement with the 
plants on the dates for checking their measuring equipment. In certain cases, when the regional organization or sys- 
tem includes similar establishments or plants with a small number of measures and measuring instruments used under 
the same conditions (regional health and agriculture departments, etc.) it has been found advisable to set the same 
dates for checking their instruments. In this instance each state inspector is supplied with a copy of the instruction 
to the administrator of the regional organization or system. However, it is impossible to set the same inspection 
dates for plants or organizations whose instruments operate under different conditions. 


Simultaneously with setting the date for periodic inspection, the heads of organizations, establishments, plants, 
and collective farms appoint persons who are responsible for the state of the measuring equipment. The state inspec- 
tor should see to ot that this responsible personnel remains stable, a frequent replacement of people in this position 


*Some of the problems dealt with by the author repeat the propositions made in the article of V. D. Alesin (Measure- 
ment Techniques No. 10, 1960) . 
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complicates inspection work. It also important that all the problems affecting the measuring equipment should be 
discussed in the district Soviet Executive Committees, district militia departments, district Cooperatives and other 
district organizations, as well as by certain responsible people. The assistants thus provided for the state inspector 
should receive a required minimum of instructions in the maintenance of measuring equipment. The state inspector 
should, therefore, instruct this personnel at seminars, conferences and insist that the measures and measuring instru - 
ments be presented for state inspection by precisely these people and no-one else. The personal participation of the 
responsible people in the state testing of measures and measuring instruments is the best type of instruction. Thus they 
become acquainted with the technical requirements of the measuring equipment, and the technique of testing mea- 
sures and measuring instruments. The state inspector together with the above personnel analyzes the reasons for de - 
fects in the equipment and makes the required recommendations to the plant on the maintenance of the equipment. 
The same personnel should also participate in the service and technical inspection at the plants. Heavy inspection 
of measures and measuring instruments should be carried out with the assistance of special personnel appointed by 
district organizations. 


Another condition for maintaining the measuring equipment in an efficient state consists in a network of service 
maintanance and repair agencies, In the Chernovitsy region the measures and measuring instruments of the plants and 
establishments of all the departments are maintained and repaired in the rural districts by two area organizations, 
namely, the Chernovitsy regional agricultural departments located at the Sadgory RTS (Tractor repair station) and the 
Chernovitsy regional power administration of the Ukr. SSR Ministry of Agriculture. The laboratory of the regional 
agricultural administration maintains the instruments for mechanical, linear and thermotechnical measurements. It 
has at its disposal five mobile laboratories on specially equipped trucks. The laboratories have the right for compul- 
sory checking of universal measuring instruments, manometers and milk measures used at the collective farms. The 
instruments are checked on the spot. In certain cases when the transportation of the testing equipment is impossible, 
the laboratory uses exchange instruments or separate parts, for instance, setting gauges for micrometers are checked 
at permanent laboratories on horizontal optimeters, The laboratory also repairs instruments for mechanical and 
thermotechnical instruments. 


The Chernovitsy regional power administration maintains instruments for electrical measurements in all the 
rural districts of the region. It has three mobile laboratories at its disposal, installed on specially equipped trucks, 


Thus, in all the rural districts the maintenance of measures and measuring instruments of all types by the ser- 
vice agencies is organized, The maintance agencies work to a plan which is slightly ahead of the on-the-spot inspec - 
tion plan of the state inspector. This is necessary in order to enable the service and technical maintenance agencies 
to prepare the measures and measuring instruments for the forthcoming state inspection. The state inspector uses the 
trips of the service and technical agency personnel in order to maintain contact with the plants and at the same time 
entrusts them with the study of various aspects in the organization of measuring equipment in the establishments. 


The existence of service and technical maintenance of measures and measuring instruments in rural districts 
greatly facilitates the work of the state inspector, since he is freed from checking a large number of instruments; to 
a considerable extent heavy inspection of the measuring equipment becomes unnecessary, the state inspection be- 
comes easier, a constant maintenance of the measuring equipment in an efficient condition is provided, and more 
complete data on its condition obtained. 


The most complicated part of the state inspector’s work in rural districts consists in introducing new measuring 
equipment. Plants and organizations in the rural areas require, for many reasons, the assistance of the GKLs in 
choosing their new measuring equipment to a far greater extent than those in district centers. The state inspectors 
with their secondary technical education and experience mainly in the sphere of mechanical measurements, can intro- 
duce efficiently new measuring equipment only if constantly assisted by the GKL engineers specialized in various 
other spheres. The Chernovitsy GKL personnel have, therefore, made a special study of introducing new measuring 
techniques at certain plants in the most important branches of the region's economy. On the basis of this investi - 
gation and of the regional economy, the GKL personnel have worked out a memorandum for state inspectors. The 
memorandum includes a list of control and measuring instruments which can be introduced in the plants and establish - 
ments of the region, for each instrument and branches of the national economy in which it can be used , are shown, 
and its typical technical operating conditions indicated. The list of instruments in this memorandum is kept up-to- 
date as soon as data on new control and measuring instruments are received. 


The study of the operational properties of measures and measuring instruments is carried out by the state inspec- 
tors both in urban and rural territories, thus accumulating extensive material on the operational advantages and dis- 
advantages of many instruments. 
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The data presented by various state inspectors are compared, summarized and, if necessary, additional study 
of certain aspects is planned. Such a method of studying the operational properties of measures and measuring instru- 
ments, based on vast statistical material, is free from random errors and provides reliable results. 


However, it should be noted that state inspectors working in rural districts are inadequately supplied with testing 
equipment. The lack, for instance, of a portable reference instrument for checking sphygmomanometers is completely 
unjustified; unequal arm balnce are checked by means of locally produced reference weights, since the production 
of reference grade 3 weights with radial slots has not been organized ; the inspectors’ reference portable scales for 
checking weights on the site at the plants and establishments are not efficient; a sufficiently convenient equipment 


for checking stationary scales is lacking; and the portable testing equipment for electrical and thermotechnical mea- 
suring instruments requires firther improvement. 


The features by which the work of a state inspector in rural districts is judged should be radically changed. 
The principle of sectionalizing the work has been practiced for a long time in certain administrations of our country, 
therefore, it is quite correct to apply this principle to the system of the Committee of Standards, Measures and Mea- 
suring Instruments, However, the criterions for evaluating the inspectors’ work should also have been changed. Nor- 
mally a section head is judged by the size of his section and its efficiency. The section heads in the Committee's 
system, however, are not judged by the condition of the equipment in their district, but by the sum of payments re- 


ceived for testing instruments. Such a criterion has a most detrimental effect on the condition of the measurement 
equipment in the districts. 


Moreover, the state inspector should be free from any unnecessary work in the district. For instance, he has to 
carry out a heavy inspection of measures and measuring instruments at 300-400 places per year, with 90% of the in- 
spected objects passing the test. Yet, the state inspector is obliged to provide an inspection certificate for each ob- 
ject, irrespective of the test results, It seems to us that it is possible to dispense with official inspection certificates 
for those instruments which pass the tests, and it is sufficient to enter the test results in the state inspector's log book. 
If one considers that the writing out of an inspection certificate takes some 15 minutes, each state inspector will 
save per year about 12 working days, which can be used for more productive work. 


We have described above the experience in a state inspector's work aimed at ensuring a uniform, accurate and 
correct use of measures and measuring instruments in our national economy. The elimination of the defects noted in 
this article will help achieve these aims. 


IT IS NECESSARY TO CHANGE THE DESIGN OF SLIDE GAUGES 


B. P. Sakulin 


Translated from Izmeritel'naya Tekhnika, No. 4, 
P, 56, April, 1961 


The slide gaugesin general use at the present time have a serious defect which, however, can be eliminated. 


In measuring internal dimensions the gauge does not indicate the actual size. In order to obtain the actual 
size it is necessary to add to the measurement read off the vernier scale the width of the gauge jaws, which in the 
new gauges is equal to a whole number of millimeters, usually 10 or 9, 


After a relatively small number of measurements the surface of the jaws used for internal measurements wears 


out and the size of the jaw width exceeds the tolerances of 20.01, 20.02, or £0.03 mm, depending on the calibration 
of the vernier scale. 


As soon as this wear is discovered the slide gauge is repaired, according to instruction 138-54,-which permits 
the width of the jaws to be rounded off to tenths of a millimeter (9.9, 9.8 mm, etc.). 
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In many plants where the inspection of gauges is organized and they are being regularly repaired, the majority 
of slide gauges have jaw widths in fractions (every tenth) of a millimeter, such as 9.9, 28, 8.8 mm,etc. 


Even if the jaw thickness is expressed in a whole number of millimeters the use of such a slide gauge for inter- 
nal measurement is inconvenient. When this dimension is expressed in fractions of a millimeter the use of the gauge 
becomes almost impossible, since it is then necessary in measuring internal sizes to perform, usually mentally, com- 
plicated operations by adding to a fractional vernier reading the fractional ‘size of the jaws, Very often even exper - 
icnced workmen make mistakes in such calculations, which result in additional rejects in production. 


In order to avoid this we suggest making slide gauges with a double scale. The face side should have a scale 
and vernier for external measurements, and the reverse side a second scale and vernier for internal (encompassed) 
measurements (see Figure). 


Face side 


On the second scale the zero calibration of the scale and the vernier should allow for the width of the jaws. 
The dimension read off the second scale will correspond to the actual internal dimension. 


Repairs of a double-scale'slide gauge do not worsen its operational properties, since the wear and decrease in 


the width of the measuring jaws can easily be compensated by resetting the vernier scale. The lapping of the mea- 

suring jaws during repairs also become easier. In the existing single-scale slide gauges it is necessary to lap the jaws 
during repairs very accurately to the nearest tenth of a millimeter, whereas this is not longer necessary in the case of 
double-scale gauges. 


The operational advantages of a double-scale slide gauge are obvious and indisputable. 


GOST (All-Union State Standard) 166-51 does not oblige but merely permits the manufacture of double-scale 
slide gauges. 


The manufacturing plants should produce a sufficient number of double-scale gauges to satisfy the require- 


ments of our national economy. The use of double-scale slide gauges will reduce the number of rejects and help to 
raise labor productivity. 
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J, Adington and L, Molyneux. Portable water velocity meter. 
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C, Barber. A platinum resistance thermometer for use at high temperatures up to 1063°C, 


E, Gillham. New design of spectropolarimeter, which combines the function of a monochromator and polari - 
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MESURES & CONTROLE INDUSTRIEL 


No, 283, December, 1960 


New determination of the meter in terms of the orange krypton-86 spectral line (Resolution of the 11th General 
Conference on Weights and Measures, held in Paris on October 14, 1960). 


L. de Broglie, The expected early publication of the decree on the adoption in France of the new system of 
measuring units (meter, kilogram, second, ampere, candle and °K). 


A, Ferry. The problem of an inch or metric system of units. 


German instrument making at the International Instrument -making Exhibition “Interkama™ held in Dusseldorf 
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Galvanometers with signal contact, “galvanometric relays” and their application. 


Application of precision potentiometers. Direct and indirect measurements by means of potentiometers, design 
of potentiometers, recording and tracking potentiometer devices. 


L. Vallet. Possibilities of industrial application of junction-type transistors. 
No, 284, January, 1961 


M, Manlou-Dumesnils, Four definitions of the meter. Historical review of the origin of the meter and its de- 
terminations. 


Resolution of the 11th General Conference of Weights and Measures (Paris, October, 1960). 


J. Gontie. Optical methods of observations and measuresments in gases (interferometer, shadow and striascopic). 


Devices for automatic regulation and control, exhibited at the “Interkama” exhibition in Dusseldorf in 1960. 


FEINGERATE TECHNIK 
No. 1, 1961 


K, Trautman. Basic problems in unifying national enterprises “Control technique, instrument-making and op- 
tics” in 1961. 


W, Gross. Transformer for measuring the torque and other mechanical properties of small instruments. 


S. Lieberwirt. Report on the Hungarian optical conference, held in 1960. 
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Brief report on the conference on physical measurements in chemical analysis, measurements of electrical and 
magnetic quantities, and measurements in the sphere of nuclear physics and control techniques. 


FEINWERK TECHNIK 
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G, Ulbricht. The role of balances as measuring instruments. A historical review of the development of various 
types of scales, their modern construction and characteristics. 


K, Gedeke, Capillary depression in mercury barometers and manometers, 


NBS TECHNICAL NEWS BULLETIN 
No. 12, 1960 


A new international standard of length, that of the krypton-86 luminous radiation wavelength. 


Effect of moisture on analytical balances. Results of investigations conducted by the NBS, 
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INFORMATION 


HIGH-PRECISION MEASURING INSTRUMENTS 


P. P, Arapov 


Translated from Izmeritel’naya Tekhnika, No. 4, 
pp. 58-60 


Hall No, 21 on Metrology, Standards, and Precision Measurements” of the “Engineering” pavilion has been 
supplemented since January, 1961, by many exhibits of new reference and precision instruments constructed at the 
scientific-research institutes of the Committee of Standards, Measures, and Measuring Instruments and by our industrial ) 
establishments. 


These instruments feature our achievements in providing uniform, accurate, and correct measurements in our 
country and the part they play in science and technology. 


Several new exhibits show the possible versions in attaining mechanization and automation of labor-consuming 
inspection and adjustment operations, and the increased efficiency attained by their use in production and inspection 
processes. 


One of the stands is dedicated to the task set by the plenary session of the CPSU (Communist Party of the Sovi - 
et Union) central committee (1959) on the procedure for developing, manufacturing and testing experimental models 
of machines and instruments, and for starting their mass production, State testing of measuring instruments for the 
purpose of determining whether the newly developed instruments meet the requirements of our national economy and 
the up-to-date technical level of our own and foreign measurements technology are also shown on this stand. Tests 
at various stages of the instrument manufacture are graphically demonstrated right from the development specifica - 
tion to mass-production testing. Obsolete instrument types whose production has been stopped as a result of state 
testing are demonstrated. 


In the section on “linear measurements” considerable attention is paid to the modern interferometer method . 
of measuring. The posters on the stand deal with the reproduction of light wavelengths which are the basis of modern 
methods for measuring lengths and angles, and information on the new standard length, that of the wavelength of the 
krypton-86 orange line, is given. Various examples demonstrated the wide use of interferometer methods in measure - 
ment techniques. 


The exhibition contains a number of actual interferometer instruments for various types of measurements, in- 
cluding the PKM set developed by the NGIMIP (Novosibirsk State Institute of Measures and Measuring Instruments) 
for checking precision mechanical lever instruments, such as mikrokators, optical measuring machines, extensometers 
and other instruments with a measuring limit of 2mm. Microindicating gauges with a scale of 1 and 2 mm are 
checked on the PKM set by means of a measuring microscope with an optical micrometer and a linear scale. More 
accurate instruments with smaller measuring limits are checked by an interferometer method. The errors of the PKM 
set do not exceed in checking optical measuring machines 20.00004 mm, in checking mikrokators, £0.00008 mm, 
and in checking microindicating gauges 20.001 mm. 


In the section on “Measurements of mass" a new stand deals with the mechanization of measurements by means 
of large scales which previously required a considerable expenditure of labor. Data are exhibited which show new ) 
means of mechanizing measurements and the greater efficiency gained by their application. / 


Two working models of these devices are shown. 


1. The weighing equipment for checking motor-truck and other large-capacity scales, developed and produced 
by the VNIIK (All-Union Scientific Research Institute of the Committee of Standards, Measures and Measuring Instru - 
ments). The equipment is intended for checking 10-ton scales. The checking equipment and hoisting device are 
mounted on the body of a ZIL-151 motor truck and its trailer (the description of the equipment was given in the jour- 
nal “Measurement Techniques” No, 10, 1959). This equipment considerably raises productivity, improves the inspec - 
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tor's conditions of work, and reduces to one-third the time required for checking. Moreover, the use of this equip- 
ment for testing motor-truck scales alone will produce a saving to our national economy of 1 million rubles (new 
rubles), 


2, The equipment for checking mobile unequal-arm scales, developed by the same institute. The equipment 
has an electrically operated tackle with a capacity of 500 kg for lifting and displacing grade III reference weights. 
The tackle runs along a single rail. The use of the above device and reference 500 kg weights instead of the previous- 
ly used 20 kg weights has made it possible to mechanize the equipment and reduce the testing time to two-thirds. 


A new stand showing a reference method for determining the moisture content of grain, developed by the VNIIK 
and the VNIIZ (All-Union Scientific-Research Institute of Grain and Grain Products) and based on extracting moisture 
by heat drying in vacuum and measuring the loss of mass in a sample of grain. The stand includes the actual refer - 
ence vacuum-heat equipment for measuring the moisture content of grain, developed by the VNIIK for checking 
moisture meters and making accurate measurements of moisture content. 


This équipment includes a vacuum-drying controlled thermostat, aforevacuum pump, special grain hoppers 
with a milling device, and analytical balances. The error of measurement of this equipment does not exceed 20.1%, 


By means of this equipment it will be possible to calibrate electrical moisture meters with an error not exceeding 
0,5-1% as against 1.5-2% attained at present by calibrating them in standard drying cabinets. The considerable im- 
provement in the accuracy of measurements will make it possible to use moisture meters in mass measurements of 
the moisture content of grain during its delivery, thus improving the qualitative control of grain in the country. 


A reference grade 1 micromanometer type MNP -1, developed by the VNIIM for checking grade 2 micromano- 
meters and laboratory instruments in the range of 400 to 4000 kg-wt/m is shown in the section "Measurements of 
Pressure, Velocity and Acceleration." The micromanometer uses a cylinder with an unsealed piston. The measured 
pressure is fed under the cylinder of the micromanometer and at the same time to the instrument under test. The 
pressure is balanced by means of weights placed on the pan of the piston. The total force exerted by the weights and 
the piston device divided by the effective area of the piston determines the measured pressure. 


The VNIIK is showing its reference piezoelectric accelerometer for calibrating and checking commercial accel- 
erometers. The instrument consists of a piezoelectric acceleration converter (transducer) with a barium-titanate 
sensing element, a cathode follower, an alternating calibrating and an electronic oscilloscope used as a comparator 
of the output voltage. The instrument has two measuring ranges of 0.5-25 g and 2-100 g. The sensitivity of the first 
range is 20.4 mv/g and of the second 5.7 mv/g. The relative error in measuring the output voltage does not exceed 
2% over the whole measuring range. 


A reference instrument for determining the hardness of metals by means of a diamond pyramid,developed by 
the VNIIM, is shown in the "Measurements of force and hardness" section. The instrument is intended for calibrating 
reference hardness gauges by means of which the commercial type TP hardness gauges are calibrated. The effort is 
conveyed to the tip by means of direct loading, the pressing in of the tip, the duration of the test and the unloading 
are automatically controlled. The optical reading device provides a very accurate measurement of the indentation 
diagonal. The quadratic mean error of measurement does not exceed 4 0.3%, 


The “Temperature measurements” section has been supplemented by two VNIIFTRI ( All-Union Scientific Re - 
search Institute for Physico-Technical and Radiotechnical Measurements) exhibits. 


1. The reference platinum thermometer for checking reference, calorimetric and laboratory thermometers, 
and also for accurate measurements of temperature in the range of -183 to +630°C, The instrument consists of a 
highly sensitive four-conductor resistance thermometer made of commercial platinum with a temperature resistance 
coefficient Ryo (Ro = 1.3923), The thermometer's sensing element consists of a platinum 0.1 mm wire wound bifilar- 
ily over a helical quartz former, The wires are welded to four leadout conductors which are connected to the output 
terminals. 


2. Reference platinum thermometers for low temperatures, which serve to check reference copper -constantan 
thermocouples and for measuring low temperatures in the range of 10 to 300°K, 


The thermometer's sensing element consists of a 0.05 mm platinum wire. Its maximum error in measuring 
temperatures does not exceed 0.01°C, and in measuring temperature differences 0,002°C over the whole measuring 
range. 
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The VNIIK has developed and is exhibiting an equipment for measuring low temperatures in the range of -40 
to -255°C at 20 points by means of an electrical resistance thermometer method, The temperature transducer con- 
sists of the above-mentioned thermometer. The transducer resistance is measured by means of a special ac bridge. 
Its output voltage, which varies with the resistance of the transducer, is measured by a moving coil galvanometer 
connected to a phase-sensitive circuit which consists of two crystal diodes. The measurement error of this set does 
not exceed + 0.5°C, 


The VNIIM is exhibiting a mobile equipment (UVP -R) for checking secondary thermal control instruments, 
such as electronic potentiometers and millivoltmeters used with thermocouples, and electronic balancing bridges and 
ratiometers used with resistance thermometers. The equipment is mounted in two cases of a total weight of 20 kg. 


The total emf measuring range amounts to 125 mv with a minimum calibration of 1yv, and that of resistance 
to 1000 ohm with a minimum calibration of 0,01 chm. The error of the resistance box does not exceed 40.02%, and 
that of the potentiometer # (5.10~ U, + 1.34U) mv, where U, is the measured emf in mv, and AU is the smallest 
calibration of the pointer scale in mv. 


A measuring and checking equipment type IPU -01 for testing under operating conditions electronic automatic 
instruments used in thermal power control ( potentiometers, millivoltmeters, bridges) is exhibited by the Leningrad Sov- 
narkhoz (Council of National Economy). The equipment can also be used as a source of controlled direct current 
and as a box with a continuously variable resistance for checking other electrical instruments. The equipment weighs 
12 kg and is mounted in a box. 


The “Electrical and magnetic measurements" section has received over 20 exhibits, presented by the Com - 
mittee's institutes and instrument-making plants. The new exhibits include a three-phase reference electricity meter 
type OS-3 developed by the VNIIK for checking single and three-phase electricity power meters and wattless power 
meters, grades 2 and 2.5, The measurement errors of the meter do not exceed #0.3% for cos ¢=1 and #£0,4% for cos 
¢y=0.5. Its temperature error is compensated by means of thermistors with a negative temperature coefficient. This 
electricity meter also includes a frequency compensation circuit. 


The Moscow electricity meter plant is exhibiting an automatic equipment type APK-58, developed by the 
VNIIK for checking electricity meters. The tested meters are placed on a hexahedral drum which rotates through 
1/6 of a turn each 48 sec, during which the meter is tested under set conditions. Each meter is tested under five con- 
ditions: at 150, 50 and 10% of its normal current for cos g= 1, and at 100 and 20% of its normal current for cos ¢= 
= 0,5, The readings of the tested meters are compared with two reference meters, The testing cycle of one meter 
amounts to 3.67 minutes, the testing error does not exceed #0,25%, The maximum testing capacity of the equip- 
ment amounts to 450 electricity meters per hour with one person operating the equipment. 


A portable equipment type UPSR for checking single and three-phase electricity power and wattless power me- 
ters as well as phase meters, ammeters, voltmeters and wattmeters grade 0,1 and less accurate types, is exhibited by 
the VNIIM, The equipment consists of two independent single and three-phase circuits, one for measuring currents 
of a nominal value of 0.5 to 50 amp, and the other for line voltage of a nominal value of 150 to 450 v. The com- 
plete set comprises three units mounted in a case weighing 20 kg, and consists of instrument transformers, ammeters, 
voltmeters and three reference wattmeters. 


The VNIIK has developed reference voltage transformers type TNP for higher frequencies, intended for extending 


the voltmeter range up to 2 kv in the band of 100 to 10,000cps, The nominal value of primary voltages are 400, 500, 
800, 1000, 1200, 1500 and 2000 v; the nominal secondary voltage is 100 v, and the grade of accuracy 0.2. 


The Sverdlovsk branch of the VNIIM is exhibiting a stabilized source of a sinusoidal current "Stabistor 300/30," 
intended for supplying measuring instruments and equipment with an alternating current of a commercial frequency. 
The instrument provides currents up to 30 amp with a harmonic content not exceeding 1.5% at a voltage of 300 v 
with a nonlinear distortion coefficient not exceeding 0.8%, The variations of voltage or current at the output of the 
"Stabistor 300/30" do not exceed £0.2% for mains voltage variations of #5%, 


The “ZIP” plant of the Krasnodar Sovnarkhoz is exhibiting potentiometer R 330 for measuring emfs and vol- 
tages in two ranges of 201.11 mv and 20,111 mv, potentiometer bridge R304 for measuring emfs, voltages and resis- 
tances; a dc single and double bridge R329 for measuring resistances, and potentiometer R307, and other instruments. 


The “Tochélektropribor” plant of the Kiev Sovnarkhoz is exhibiting reference capacitors R533, R534, and R535 
for calibrating and checking commercial measuring capacitors at voltages up to 200 v; a capacitance box R513; an 
inductance box R538, etc. 
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In the "Measurements of time and frequency” section the KhGIMIP (Kharkov State Institute of Measures and 
Measuring Instruments) is exhibiting high-Q vacuum quartz crystal resonators. The Q-factor of the elements amounts 
to 2 to 5 millions, 


In the section "Radiotechnical measurements” the VNIIFTRI is exhibiting models of the following instruments: 
1) a set of matching transformers for matching waveguides and coaxial lines in precision measurements; 2) a set of 
reference waveguide terminators ON, for checking waveguide lines in the range of 1.75 to 4,20 cm wavelengths. The 
reference terminations are certifiied in the frequency range of the waveguide with which thay are used for an error 

not exceeding #1.5% ; 3) reference thermistor heads OTGV, intended for use with reference thermistor bridges at super- 
high frequencies, The set consists of four heads for the range of 1.8 to 5.4 cm wavelengths. The heads are certified 

by their efficiency with an error not exceeding 25%, 4) An equipment for calibrating measuring microphones used 

in calibrating reference and commercial measuring microphones in the range of 20 cps to 20 kc, with an error not 
exceeding £,1%, 


Reference high-frequency standards of conductance and susceptance developed by the NGIMP are also exhibited 
in the same section. These standards are intended for checking parameters of circuits at frequencies up to 200 Mc. 
The conductance standards consist of disc resistors made of thin-layer resistance elements obtained by condensation 
of precious metal vapors in vacuum, The resistors cover a range from 5 to 2000 ohm, the standards are certified 
with an error not exceeding #1%, The susceptance standards consist of disc screw capacitors of 40 to 400 pyf, whose 
capacitance error at the highest frequency does not exceed £0.5%, 


The above-mentioned exhibits illustrate the achievements of the Committee's institutes and the instrument- 
making plants in their work for the improvement ofour metrology and instrument-making industry. 


SOVIET-MADE EQUIPMENT WITH RADIOACTIVE ISOTOPES 


V.S. Merkulov 


Translated from Izmeritel’naya Tekhnika, No. 4, 
pp. 61-63, April, 1961 


In 1960, a topical exhibition on the "Use of radioactive isotopes for production control and automation," was 
organized in the “Atomic Energy” pavillion by the Atomic Energy Utilization State Committee attached to the Coun- 
cil of Ministers of the USSR in conjunction with the "Peaceful Utilization of Atomic Energy” Committee of the Coun- 
cil for the Exhibition of the Achievements of the National Economy of the USSR, 


Over 150 exhibits of installations, instruments and devices, including dosimetric apparatus and protection equip- 
ment, were shown, The widest representation was given to various types of radioactive relay devices, level indica- 
tors, thickness meters, density meters, fault locators, and other instruments used in the most diverse branches of indus- 


try. 


Considerable interest was aroused by typical 6 and y -radiators type BI-1, BI-2, Gl-1 and GPP -1, radioactive 
transducers RD and universal electronic relay units URAP of various types, used as component parts in various auto- 
matic monitoring and control devices which employ radioactive isotopes. The BI-1 and BI-2 radiators use Sr” with 
an activity of 0.5 and 0,2 mC, respectively, and radiators GI-1 and GIP -1 (float) use Co” with an activity of 100 and 
0.5 mg-eq of radium,respectively. The radiators are hermetically sealed. Transducers RD are intended for registering 
the radioactive isotope radiations and converting them into electrical pulses, Transducers of B-radiations type RD-6 
and RD-9M are supplied with gas-discharge counters STS-5, and transducers RD-10 with counters STS-12. The trans- 
ducers of y -radiations type RD-11M are supplied with counters STS-1, and transducers RD-14 with five, and RD-15 
with ten counters type STS-5, The above transducers are used with receiving units URAP -2AM and URAP -3DM, which 
amplify the electric pulses received from the transducers and transmit them to the actuating mechanism. 


= 
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As an example of the utilization of standard elements and units one can cite the standardized apparatus for 
production control by means of registering modulated batches of 6 -radiations, which can be used for measuring the 
speed of rotation, lengths of sheet and strip materials, liquid flows, etc. 


Original exhibits consisted of experimental models of instruments for automatic analysis of the composition of 
substances types RAZh-1A and ATZh-1 and a factory instrument RPSN-1. ‘The stationary automatic analyzer RAZh-1A 
with recording and indicating instruments is intended for continuous determination or corrosive binary liquid concen- 
trations, The particular type of instument shown at the exhibition is designed for determining concentration of aque- 
ous solutions of methanol (scale 65-85% of methanol) in the production of formalin with an error not exceeding 25% 
of the full scale reading. The principle of operation of the analyzer is based in the relation between the degree of 
absorption of Sr” §-radiation and the composition of the analyzed solution. The instrument is provided with periodic 
automatic checking and correction of the zero reading and scale range. The instrument transducer is made explosion- 
proof. Automatic analyzer ATZh-1 is intended for continuous determination of the concentration of one of the com- 
ponents in a three-component liquid with an error of 410%, It uses both the absorption and reflection method of SR™ 
y -tadiatioh. The radiations are registered in ionization chambers. Instrument RPSN-1 serves to determine the con- 
tent of sulfur (in the range of 0.5-2.0%) in oil products, with an error of 40.05%, It uses as a source of radiation Fe™ 
and as a receiver a gas-discharge counter. 


A radioactive transducer of solution concentrations was also exhibited. Its sensing element consisted of a com- 
bination of an areometer and a thermometer which sends electrical signals to an automatic control of signalling sys- 
tem when the concentration deviated from its normal value. The source Co” (0.1 mg-eq of radium) is placed in a 
capillary tube on the surface of the thermometer mercury column, the radiations are registered by means of two gas- 
discharge counters type SI-1BG, The transducer type shown at the exhibition is designed for measuring 55% concen - 
tration of nitric acid. A pulse is sent to a signalling or recording device when the nitric acid concentration varies by 
#0.2%, Sets RKK-B-1 and LBKK (laboratory type) with radiation receiving gas-discharge counters are designed for 
measuring potassium concentrations in potassium salt solutions by recording 8 -radiations from a natural radioactive 
x isotope. The above-mentioned concentration meters measure the content of potassium in solution (for concentra- 
tions up to 20%) with an error of #1.5%, 


Of the geological prospecting instruments shown at the exhibition, mention should be made of the following: 


A field equipment VIMS-58 for a complex analysis of the composition of ores and metals by x-ray radiation 
methods in working conditions. The method is based on stimulating characteristic x-ray radiations from the element 
under test, and then analyzing these radiations, The primary radiation source consists of Tu” with an activity of 
1-5 C, and the receiver of a single-channel scintillation spectrometer which comprises a photomultiplier FEU -1S 
and an Nal(T1) crystal. The accuracy of the analysis amounts to 5-10%, 


A universal laboratory equipment FNUV-4-59, for a quantitative determination of beryllium in samples of ore 
concentrates and products of their metallurgical processing. The equipment consists of a neutron radiation meter 
type S4-3 and a measuring chamber, whose principle of operation is based on nuclear reaction(n, y). The source of 
y -tadiations consists of Sb™ isotope with an activity of 50 mC, and the slow neutrons detector of 4 gas-discharge 
counters type SNMO-5, 


A field instrument PRLA-1 with a Tu’™ source for detecting diamonds in ores and diamond concentrates. Its 
operation is based on the luminescence produced by exciting the mineral with y -rays. 


The “Neitron” equipment which consist of a highly efficient scintillation slow-neutron detector, a Po-Be source 
with an activity of 0.01 Curie Po, a moderating unit, and a transistorized amplifying and recording circuit. The 
equipment is designed for detecting in rock samples the presence of boron, lithium, cadmium and other elements 
with abnormally high slow-neutron absorption cross sections. This equipment can also be used for determining the 
content of water in rock samples when any of the above elements are absent. 


A scintillation emanometer with photomultipliers FEU -16 or FEU-35 for field emanation prospecting, measure - 
ment of the amount of radon and thoron in radiochemical analysis, and for determining emanation concentration in 
air for dosimetric purposes. This group of instruments is closely related to installations for investigating oil and other 
wells by y -ray, neutron-gamma-ray and gamma-gamma-ray logging method. Portable equipment for radioactive 
logging y -59, RKM-5 and RK (double channel) were also shown, as well as warning control apparatus type ARPK-1 
for tracking a well shaft being sunk in an inclined thin layer of coal. In the ARPK-1 equipment the radiation source 
Co” (20mC) is placed in the cutter, whereas the well probing detector is placed behind it for registering the scattered 
Co” y -tadiations. 
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The exhibition also included a large assortment of radioactive devices for measuring and maintaining the lev- 
el of liquid and loose media in enclosed containers, and of devices for signalling the boundary between two media 
with different densities. For instance, factory indicators and regulators of the level of liquid and loose media RPRU 
(5 types), BIU (2 types) and GIU (6 types), consisting of electronic relay units URAP, radioactive transducer RD and 
standard radiators BI-2, Gl-1 and GIP-1, For automatic monitoring or maintenance of a set level in the boundary be- 
tween two media with different densities, several level indicators were used, those with cobalt —emaen sources type 
ARPU, with cesium sources type RIU-1 and RIU -2, as well as a Aeon. system UR-6A (Co® source), and a reg- 
ulator type RUV-1 of the water level in steam boilers (source cs '). The exhibits also included a multichannel level 
indicator MU -32 for measuring the height of the charge in blast furnaces, level regulator RRU -2 for monitoring and 
controlling the level of cloth in steaming chambers, a standardized level regulator URU-6 for maintaining the level 
of liquid steel in crystallizers of continuous casting machines, a single-position level indicator URP -1013, and a three- 
position level indicator SPURT -1 for signalling the position of the level and determining the degree of filling in en- 
closed vessels, bunkers, metallurgical furnaces and other containers. The exhibits also included a level indicator with 
telephone transmission type IU -3 of liquefied gas in cylinders, a regular and level indicator with a pneumatic output 
type RUP -1, and other level indicators, All the above-mentioned level meters used gas-discharge chambers as receiv- 
ers. 


Considerable interest was displayed in radioactive relay devices, For instance, the gamma-relay GR-1 (with 5 
counters STS-5), relay GR-2 (with 6 counters STS-6) , and GR-3, (with 3 counters STS-6), equipped with collimators 
as well as gamma-relays GRV with GERV receivers (with STS-8 counters) for monitoring material in a controlled 
space. Their radiators consist of Co™ and Cs", These relays are used in automatic production monitoring, for in- 
stance, in coal mines the explosion-proof relay GRV is used. The exhibits also included single-channel gamma-relays 
type GROM-1, with Co™ sources for signalling the presence of material in tanks, pipelines, conveyor belts, etc., as 
well as gamma-relays GR-1052 for determining the of filling of bunkers, metallurgical furnacesand other con- 
tainers filled with liquids, lumped and loose materials. This group of devices includes the above «mentioned universal 
relay instruments URAP -2AM (with RD-6 or RD-14 transducer) and the modernized instruments type URAP -3DM with 
standard transducers. There was also shown a relay type RPP-1 with STS~-8 counter for recording rock densities. De- 
veloped for discrete unloading of upsetting machines in washingplants. This group includes a working radioactive 
regulator RK -4 intended for continuous automatic control in filling opaque containers. The automatic device counts 
up the finished products and controls an automatic sorting system according to a set standard. The productivity of 

the device amounts to 150 containers per minute. 


Gauges for measuring the thickness of sheet materials, coverings, pipe walls, and the density (weight per unit 
surface) of materials, used in automatic systems for the production of various commodities (see table) were widely re~ 
presented at the exhibition. 


Radiographic equipment was widely exhibited. In addition to the well-known powerful industrial (and therapeu - 
tic) gamma installations GUP -Co-0.5, GUP -Co-5, GUP -Co-50 and GUT — ~1, several portable sets for radiogra- 
phic monitoring were also shown, including a portable set RK-1 using a Tu!” source with an activity of 0.5 g-eq of 
radium (with an automatic or manual control of the preparation), and a portable set PUR-1 using a Tu'™ source 
with an activity of 3 g-eq of radium, or Eu” with an activity up to 5 g-eq of radium (with a remote control prepar- 
ation), which provide radiograms under factory and field conditions, These sets provide transmission of radiations 
seer 9 steel plates 1-15 mm thick and aluminum alloy 5-50 mm thick. A mobile automatic set GUP -A-2M using 
a Co™ source with an activity of 1 g-eq of radium for gamma- tadiography of welded joints in steel constructions 110 - 
120 mm thick. A flaw-<detector RDB-2 for reinforced concrete using a Co™ source with an activity of 30-70 mg-eq 
of radium intended for detecting faultsin assembled reinforced concrete units, A portable set GUP -5-2 with remote 
control and a combination protection for gamma-radiography under factory and field conditions, The equipment 
uses preparationsof Ir’ with an activity of 5 g-eq of radium or Cs'*" with an activity of 2 g-eq of radium, and is in- 
tended for transmitting radiations through steel sheets 12-60 mm thick, and through other materials of an equivalent 
thickness, 


A number of instruments for investigating other parameters are also of considerable interest. For instance, there 
was exhibited a neutron moisture-content meter IVN-1 for checking the moisture of loose materials (moulding earth, 
building materials, iron ore concentrate, etc.) which contain hydrocarbons or such neutron-absorbing materials = 
cadmium and indium. Its neutron radiation source consists of a Po-Be radiator with an activity not less than 10° neu- 
trons per second. Its receiver consists of a scintillation counter. Its range covers 0-12% of moisture content (by 
weight) and its measurement error is £0.6%, 
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Thickness Gauges 


Radioactive (R) Thickness Gauges, Differential Wall-Thickness Gauges, Density Meters, Pulp Meters, and Coating 


Name Type Application Range Error Source Receiver 
Thickness gauges TU-495 | Measuring the thickness | 0.05-1.0 mm] #1.5%| Ce“ | Compensation- 
ITSh-49| of rolled steel 0.03-0.8 sr” type ionization 
chamber 
Beta-type coating thick- | BTP-1 | Selective checking of to 30 mg/cm #£2.0% | TI dirt 
ness gauge BTP-2 | coating thicknesses a 
Equipment for measuring Measuring the thickness | 0.05-1.0 mm | 20.5 yu Ce Scintillation 
the thickness of a metal of a cold-rolled steel 0.03-0.6 * |a2 °| Ss counter 
strip by means of a scintil strip 0.002-0.15 "|}a2 "| T1™ 
lation counter 
Universal thickness gauge} URIT-1 | Measuring the deviation | 50-5000 g/m’| 23% BI-1 Ionization cham + 
of sheets from their nom - ber 
inal thickness 
Contactless weight gauge | BIV Determining the weight | 200-800 g/m £5 % ditto 
of fabrics (or substances 
covering fabrics) 
Radioactive thickness TR-3 Measuring wall thickness| 0.5-5 mm Tu” Gas-discharge 
gauge of hollow components counter 
Radioactive thickness RT-2 | Checking the thickness | 10-100 y 210% | sr” ditto 
gauge of copper conductors on 
pertinax plates of printed 
circuits (by means of re- 
flections) 
Gamma-ray thickness to12mm_ | #4% Co® Scintillation 
gauge GT-1712 | Measuring the thickness counter 
of sheet steel and steel 
pipes when one side is 
accessible 
Pulp density meter IPP Measuring and control- | 1.0-1.5 g/cm! #1.5% | csi’ Ionization cham - 
ling pulp density 1.6-2.1 ° ber 
Radioactive density met-|PZhR-2 | Measuring, recording 1-1.5 g/cm #5% Co® Gas -discharge 
ers.for liquids PZhR-5 | and controlling the den- cs" _ | counter, ioniza- 
sity of various liquids tion chamber 
Coating thickness gauge | ITP-476 | Measuring tin and other | 0-5y 20.154} T1™™ Ionization 
coatings on a steel strip Chamber 
Gamma-ray earth gauge | GK-1584/ Measuring and recording | 0-40% £1% Co® ditto 
the volumetric content with 
of earth in an excavation earth 
pump pulp 
Gamma-ray density for |GPN Checking the variation | 0.7-0.9 g/cm 1% Co” Scintillation 
oil products of oil product densities counter 
during their pumping 
along a pipeline 
Measuring tin and other | IPP-2 Measuring the pulp den-| 1-1.3 g/cm* 45% Co® Gas -discharge 
coatings on a steel strip sity counter 
Volumetric weight gauge| IOV-2 Determining the volumet 7 500 x 300 x 21% ditto 
ric weight of building 100 mm 
units and concrete sam- 
ples (by means of reflec- 
tions 
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TABLE (continued) 


Name Type Application Range Receiver 
Radioactive density RP -2-60 | Measuring the density of | 2-2.6 ton/m?* 
meter freshly-laid concrete (normal con- 
blocks crete) 
Instrument for checking | RPN Checking the weight of | 150-700 g/m* TI™ | Ionization cham- 
irregularities in canvas canvas on a stripping ber 
machine 
Radiation reflection ROTOP-3| Measuring the quantity | 0-70 g/m* #10% T1™ 
thickness gauge for of coal dust which settled 
settled coal dust on the surface of pit 
workings 
Differential wall-thick- | R-6M Checking the thickness | to 800p 2% Ionization cham - 
ness gauge and the difference in the| (for diameters ber 
twa thicknesses of a bi- | of 20 mm) 
metallic thin-walled 
pipe 


In addition to the well-known manometer MIR-3A for measuring the pressure of various noncorrosive vapors 
and gases in the range of 0,01-10 mmHg there was also exhibited an ionization methanometer TM-4 with tridum 
targets of an activity 7-10 C for determining the atmospheric concentration of methane in the range of 0-5% in coal 
mines, metallurgical and chemical plants. The maximum error of the instrument is 20.2%, 


The exhibits included a radiation marker of cable copper conductor joints (using a cobalt source and a gas-dis- 
charge counter) for an automatic location of joints in a continuous cable-vulcanization equipment; an automatic 
device AKO-1 with a Co™ source (0.02 mC) for tapping and registering hydrocarbon condensates of centrifuge sumps 
in gas fields; an automatic control system SARZ-4 for an excavating pump with a set of transducers for various pur- 
poses such as controlling the intake of earth by changing the speed of the excavating pump propulsion along the 
cutting, taking as a criterion for this purpose the saturation of the pulp with earth; a tracking system RR-9/RT -106 
attached to an equipment for machining pipes which consists of a contactless transducer of an automatic control sys- 
tem for the RT-106 equipment; it uses a Tu’™ radiator (0.1 g-eq of radium) and a scintillation counter receiver. 


Deserved attention was aroused by automatic regulators of heat, voltage level and current density, which used 
point 6-radiators and gas-discharge counters. One such regulator was developed, for instance, for controlling the 
density of galvanic vats, 


Many of the above instruments will be sold in 1961, together with their radiation sources by the All-Union 
agency “Isotope” of the "Soyuzreaktiv” trust, at the customers’ requests in the Moscow shop “Isotopes.” 


This exhibition of Soviet-made instruments using nuclear radiations has shown the great achievements of our 
instrument-making industry in the sphere of the application of atomic energy for peaceful purposes, and aroused 
great interest of those who visited the exhibition. 
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PERMANENT SEMINAR ON PROBLEMS OF DESIGNING 


AND USING MEASURING-COMPUTER EQUIPMENT 


V. S. Popov 


Translated from Izmeritel’ naya Tekhnika, No. 4, 
p. 64, April, 1961 


In December, 1960, the LONITOPRIBOR (Leningrad branch of Scientific, Engineering and Technical Society of 
Instrument Makers) called the first conference of the permanent seminar on problems of designing and using measuring - 
computer equipment. At the conference 16 papers were read and discussed, 


The seminar was attended by more than 200 representatives of higher educational establishments, institutes of | 
the USSR Academy of Sciences, scientific-research institutes, independent and special design officers, plants and 
other organizations designing or using measuring-computer equipment. 


I, G, Gol'dreer’s paper on “Selectively stabilizing measuring computers” deals with a new principle of designing 
analogue computers. They consist of automatically controlled static voltage dividers which vary the voltage ratio in 
such a manner that one of the values fed to the input remains constant at the output. By means of these devices it is 
possible to perform any algebraic operation with an error not exceeding 21%, 


V. S. Popov read a paper on automatic and measuring instruments with heater resistors for measuring various 
electrical and nonelectrical quantities, By means of such instruments over 20 different quantities can be measured. 


In their paper, V. B, Smolov and E, P. Ugryumov deal with designing transistorized miniature low-voltage multi - 
plying and dividing devices of a time-pulse type, operating over a wide temperature range with an error not exceeding ) 
1%, Considerable attention is paid in this paper to circuit compensation methods of temperature errors in the main ) 
units of the device. | 


A, F, Fokin deals in his paper with a device for computing potential fields by simulating them on an electrical 
conducting paper. 


N, S, Blat deals in his paper with computers for converting scales and introducing in processing measurements 
of physical phenomena recorded on a rectangular coordinate chart. 


P, I, Kotlyarov examines in his paper problems of introducing manually into information which is at the same 
time expressed in a binary code, 


V. P. Mikhailychev's paper deals with an induction type “shaft-digital ° converter. 


In his paper,L, P. Gorokhov examines the design and principle of operation of an “angle-code” commutator 
convertor. 


V. P, Shagurin reported on a transistorized “voltage-digital” convertor. 


G, I, Gil'man and K, M, Chugunov deals in their paper with an electronic convertor of thermocouple and resis- 
tance thermometer signals to a standard direct voltage signal. The convertor provides a linear relationship between 
the output voltage and the measured temperature, and can be used in automatic digital recording systems. 


In their paper entitled “Photoelectric instruments based on the utilization of selective compensation circuits,° 
I, G, Gol'dreer, M. L, Petrova,and O. P. Khvostov deal with instruments developed by the Independent Design Bureau 
of the USSR Ministry of Geology and Preservation of Natural Resources for measuring simultaneously several luminous 
flux ratios, The readings of these instruments are not affected by external factors. 


S. M, Mandel'sh tam deals in his paper with certain problems in the theory of telemetering code rings and ex- 
amined the design of rotation angle to code converters. He notes certain applications of measuring computers for 
decreasing errors in dimensional coding systems. 
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In this paper,S. V. Shalaev examines the possibility of interpreting gravity and magnetic prospecting observa- 
tions by means of electronic computers. This interpretation is based on approximating the curves representing the 
observation result means of rational fractions. An equipment has been developed for semiautomatic and automatic 
interpretation of magnetic prospecting curves, 


I, G, Gol'dreer and S, M, Mandel'shtam in their paper on “Basic trends in the development of computers” pro- 
pose a classification of these devices, Considerable attention is paid by the authors to the conversion of various quan- 
tities into a form suitable for analogue and digital computers. 


In his paper, Yu. I, Nikol'skii deals with simulating computers for transforming potential fields, The device is 
intended for a complex separation of gravitational fields, the conversion of magnetic and gravitational fields into the 
upper half-space and the calculation of higher derivatives. 


E. P, Balashov, I. A. Nazarov, V. B. Smolov, A. L. Perel'man,and V. M, Sternin reported on digital-analogue 
electronic computers for an acoustical logging station. 


In the concluding session of the conference a decision.was adopted which outlines the ways of improving and co- 
ordinating the scientific-research work in the sphere of measuring computer techniques. The resolution notes that the 
basic trend in the further work of the seminar should consist of elucidating new developments in the sphere of com - 
puters used for measuring purposes, new work in the sphere of measuring components for computers, the application 
of measuring-computers for total production-automation and for scientific research. 
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SIGNIFICANCE OF ABBREVIATIONS MOST FREQUENTLY 
ENCOUNTERED IN SOVIET TECHNICAL PERIODICALS 


Academy of Sciences, USSR 

Physics Institute, Academy of Sciences USSR 

State Scientific and Technical Press 

State Press for Technical and Theoretical Literature 
State Optical Institute 

State United Scientific and Technical Press 

State Power Press 

State Physical Chemistry Press 

State Chemistry Press 

All-Union State Standard 

State Technical Press 

State Technical and Theoretical Press 

Institute of Automation and Remote Control 

Institute of Physical Chemistry Research 

Institute of Physical Problems 

Foreign Literature Press 

Institute of Applied Physics 

Institute of Applied Mathematics 

Institute of Chemical Reagents 

Soviet Science Press 

Institute of Nuclear Studies 

Press (publishing house) 

Leningrad Electrotechnical Institute 

Leningrad Institute of Physics and Technology 
Leningrad Institute of Metals 

Leningrad Institute of Precision Instruments and Optics 
State Scientific-Technical Press for Machine Construction Literature 
Moscow State University 

Metallurgy Press 

Moscow Regional Pedagogical Institute 

Scientific Research Association for Physics 

Scientific Research Instituie of Physics 

Scientific Research Institute of Mathematics and Mechanics 
Scientific Institute of Motion Picture Photography 
People’s Commissariat of the Heavy Machinery Industry 
State Press of the Defense Industry 

Joint Institute of Nuclear Studies 

United Scientific and Technical Press 

Division of Technical Information 

Division of Technical Science 

Radium Institute, Academy of Sciences of the USSR 
All-Union Special Planning Office 

Construction Press 

Ural Institute of Physics and Technology 

Central Scientific’Research Institute of Technology and Machinery 
All-Union Scientific Research Institute of Metrology 


NOTE: Abbreviations not on this list and not explained in the translation have been transliterated, no 
further information about their significance being available to us — Publisher. 
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Publication of a “Soviet Instrumentation and Control Translation Series” by the Instru- 
ment Society of America has been made possible by a grant in aid from the National 
Science Foundation, with additional assistance from the National Bureau of Standards 
for the journal Measurement Techniques. 


Subscription rates have been set at modest levels to permit widest possible distribution 
of these translated journals. 


The Series now includes four important Soviet instrumentation and control journals. 
The journals included in the Series, and the subscription rates for the translations, are 
as follows: 


MEASUREMENT TECHNIQUES — Izmeritel’naya Tekhnika 
Russian original published by the Committee of Per year (12 issues) starting with 1961, No. 1 


Standards, Measures, and Measuring Instruments General: United States and Canada . . $25.00 
of the Council of Ministers, USSR. The articles in Elsewhere ... - 28.00 
this journal are of interest to all who are engaged Libraries of nonprofit academic institutions: 

in the study and application of fundamental meas- United States and Canada. . $12.50 
urements. Both 1958.(bimonthly) and 1959-1961 


(monthlies) available. 


INSTRUMENTS AND EXPERIMENTAL TECHNIQUES 
Pribory i Tekhnika Eksperimenta 


Russian original published by the Academy of ‘Per year (6 issues) starting with 1961, No. 1 
Sciences, USSR. The articles in this journal relate General: United States and Canada. . $25.00 
to the function, construction, application, and op- Elsewhere .. ~~ a 


eration of instruments in various fields of experi- Libraries of nonprofit academic institutions: 
mentation. 1958-1961 issues available. United States and Canada. . $12.50 
Elsewhere 15.50 


AUTOMATION AND REMOTE CONTROL — Avtomatika i Telemekhanika 


Russian original published by the Institute of Per year (12 issues) starting with Vol. 22, No.1 & 
Automation and Remote Control of the Academy General: United States and Canada. . $35.00 
of Sciences, USSR. The articles are concerned Elsewhere .. 


with analysis of all phases of automatic control Libraries of nonprofit academic institutions: 
theory and techniques. 1957-1961 1959, and 196v United States and Canada. . $17.50 
Elsewhere 20.50 


INDUSTRIAL LABORATORY — Zavodskaya Laboratoriya 


Russian original published by the Ministry of Per year (12 issues) starting with Vol. 27, No. 1 
Light Metals, USSR. The articles in this journal General: United States and Canada. . $35.00 
relate to instrumentation for analytical chemistry Elsewhere .. ate 
and to physical and mechanical methods of mate- Libraries of nonprofit academic institutions: 

rials research and testing. 1958-1961 issues United States and Canada. . $17.50 
available. Elsewhere 20.50 


$6.00 


Single issues of all four journals, to everyone, each 


Prices on 1957-1960 issues available upon request 


SPECIAL SUBSCRIPTION OFFER: 
One year’s subscription to all four journals of the 1961 Series, as above listed: 


General: United States and Canada. . $110.00 

Libraries of nonprofit academic institutions: 
United States and Canada. . $ 55.00 
Elsewhere .. . . . 67.0 


Subscriptions should be addressed to: 
Instrument Society of America 

530 William Penn Place 

Pittsburgh 19, Penna. 
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